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1.0 Introduction

The piping in a liquid rocket can assume complex configurations due to
multiple tanks, multiple engines, and structures that must be piped
around. The capability to handle scme of these complex configurations
have been incorporated into the NYQUIST code. The capability to
modify the input on line has been implemented.

The configurations allowed include multiple tanks, multiple engines,
the splitting of a pipe into unequal segments going to different (or
the same) engines. This program will handle the following type
elements

Straight pipes

Bends

Inline accumlators
Tuned stub accumlators
Helmholtz resonators
Parallel resonators
Pumps

Split pipes

Multiple tanks
Multiple engines

The code is too large to compile as one program using Microsoft
FORTRAN V, therefore the code was hroken into two segments:
NYQUIST1.FOR and NYQUIST2.FCR. These are campiled separately and then
linked together. The final run code is not too large (x344,000

bytes) .



2.0 Input Description

NYQUIST uses the following files: ENG.RIN, IOX.RIN, FUEL.RIN, and
CONST.RIN. All files are in free format, therefore each of the
following records will give the same results.

Record 1: 1.000000E-01 6219.000000 2.670000 2.330E-03 -315.0000
Record 2: 0.1 6219.0 2.67 0.00233 -315.0

Record 3: 1.E-01
6219.0
2.67
2.33E-3
-315.0

The file assigrments are given in the following table:

Unit File Name File Type Description

9 ENG.RIN Input Engine data
10 10X.RIN Input 1oX tanks & lines data
11 FUEL.RIN Input Fuel tanks & lines data
12 CONST.RLN Input Chamber data

13 SURF.ERR Output Convergence error information
14 NYQ.OUT Output K() values

15 (LOX) Work Temporary file with LOX data
16 (FUEL) Work Temporary file with fuel data
17 (RESULT) Work Temporary file for results

2.1 Description of file ENG.RLN

Card # 1
number of engines
Card # 2
total flow in engine (lkm/sec),
chamber pressure (lbf/ft"2),
pressure drop across orifice (lbf/ft"2)
Read card # 2 "mumber of engines" times

2.2 Description of files LOX.RLN or FUEL.RLN

Card # 1
title

Card # 2
number of tanks

Card # 3
volure (ft°3),
mass flow (lm/sec),
bulk modulus (lbf/ft"2),
density (lbm/ft"3)

-2 -



Read card # 3 "number of tanks" times
Card # 4
rumber of lines leaving tank
Card # 5
tank number,
engine number (0 if split follows)
Card # 6
number of segments,
number of unique splits
Card # 7
section type,
pipel,
pipe2,
pipe3,
piped,
pipe5
Read card # 7 "number of segments" times
if split > 0
Card # 8
number of segments,
number of identical lines,
engine nmumber
Card # 9
section type,
pipel,
pipez,
pipe3,
pipe4,
pipe5
Read card # 9 "number of segments" times
Read card # 8-9 "number of splits" times
Read card # 5-9 "number of lines" times

where
type name PIPE1 PIPE2 PIPE3 PIPEA PIPES
0 - bend radius angle diameter [end len.
1 | straight | length |diameter
2 inline length |diameter
3 tuned length |diameter
4 Helmholtz | length |diameter | volume
5 parallel length |diameter | volume
6 punp length |diameter | dp/dh L C

7 manifold volume |bulk med.




Dimensions:

radius, length, diameter, end length - ft

angle - deg

volume _ - ft"3

dp/df (non-dimensionalized by ®/pc) - non-dimensional
L - sec

C - sec

bulk modulus - 1lbf/ft"2

2.3 Description of file CONST.RLN

Card # 1

transport lag (sec),

characteristic velocity (ft/sec),

mixture ratio,

characteristic time constant (sec),

change in velocity with mixture ratio (ft/sec)
Read card # 1 "number of engines" times

3.0 Output Description

3.1 Output Files

Output from the program is a file (NYQ.OUT) which may be printed and
various graphs under the control of the user. The print file contains
the following:

Title, time, and date
for no 10X of FUEL lines

FRERQ. K1(R) K1 (1)
for no FUEL line
FREQ. K1(R) K1(I) ENG. K2 (R) K2 (I)
for no IOX line
FREQ. K1(R) K1(I) ENG. K3 (R) K3 (I)
for both 1OX FUEL lines
FREQ. K1(R) K1(I)
ENG. K2 (R) K2 (I) K3 (R) K3 (1) K4 (R) K4 (I)

Also, if a split pipe is analyzed, a file (SURF.ERR) is created if any
point fails to converge within the specified number of iterations.
This file contains:

Title, time, and date

jw = after iterations has error of % in line
I= J= lGl= |GoLD|=



3.2 Graphs Available

The graphs available are
1. Pplot of the FUEL and/or LOX piping layouts for a specific engine.
These are plotted upon request.

2. The following plots are available upon request:
a. Nyquist plot of K(jw)
b. Nyquist plot of K(jw,Gox) if 10X line present
c. Nyquist plot of K(jw,Gf) if FUEL line present
d. Nyquist plot of K(jw,Gox,Gf) if LOX & FUEL lines present
e. Phase-Gain plot of K(jw)
f. Phase-Gain plot of K(jw,Gox) if 10X line present
g. Phase-Gain plot of K(jw,Gf) if FUEL line present
h. Phase-Gain plot of K(jw,Gox,Gf) if 10X & FUEL lines present

4.0 Sample Run

The sample run consists of two lox tanks and four engines, two of the
engines and lines going to them are identical. The total mass flow
from each tank is the same, however the line from the first tank is
split with half the mass flow going to engine # 2 and the other half
splﬁ:inuntwo.nkuticalenghms # 1.

4.1 Input for Sample Run

Sample ENG.RIN file:

3

853.5 4 .502040E+05 1.610532E+06
1707.0 4.502040E+05 1.610532E+06
3414.0 4.502040E+05 1.610532E+06

Sample IOX.RIN file:

Sample Run

2

1.956300E+04 2928.0  1.185883E+07 71.4
1.956300E+04 2928.0  1.185883E+07 71.4

2

10

13 2

1 15.0 1.416 0.0 0.0 0.0
0 35.0 45.0 1.416 0.0 0.0
1 30.0 1.416 0.0 0.0 0.0
0 3.5 135.0 1.416 0.0 0.0
1 15.0 1.416 0.0 0.0 0.0
1 20.641 1.416 0.0 0.0 0.0
1 20.558 1.416 0.0 0.0 0.0
1 20.558 1.416 0.0 0.0 0.0
1 8.541 1.416 0.0 0.0 0.0
1 6.383 1.416 0.0 0.0 0.0

|
(&)}
1



0 4.25 90.0 1.416 0.0 0.0
1 9.33 1.416 0.0 0.0 0.0
0 3.33 80.0 1.416 0.0 0.0
5 1 1

1 3.53 0.708 0.0 0.0 0.0
1 12.2 0.708 0.0 0.0 0.0
o 1.28 35.0 0.708 0.0 0.0
1 12.2 0.708 0.0 0.0 0.0
7 13.5 1.183346E+07 0.0 0.0 0.0
5 12

1 3.53 1.00126 0.0 0.0 0.0
1 12.2 1.00126 0.0 0.0 0.0
0 1.28 35.0 1.00126 0.0 0.0
1 12.2 1.00126 0.0 0.0 0.0
7 13.5 1.183346E+07 0.0 0.0 0.0
23

18 O

1 15.0 1.416 0.0 0.0 0.0
0 35.0 45.0 1.416 0.0 0.0
1 30.0 1.416 0.0 0.0 0.0
0 3.5 135.0 1.416 0.0 0.0
1 15.0 1.416 0.0 0.0 0.0
1 20.641 1.416 0.0 0.0 0.0
1 20.558 1.416 0.0 0.0 0.0
1 20.558 1.416 0.0 0.0 0.0
1 8.541 1.416 0.0 0.0 0.0
1 6.383 1.416 0.0 0.0 0.0
0 4.25 90.0 1.416 0.0 0.0
1 9.33 1.416 0.0 0.0 0.0
o 3.33 80.0 1.416 0.0 0.0
1 3.53 1.416 0.0 0.0 0.0
1 12.2 1.416 0.0 0.0 0.0
0 1.28 35.0 1.416 0.0 0.0
1 12.2 1.416 0.0 0.0 0.0
7 13.5 1.183346E+07 0.0 0.0 0.0

Sample CONST.RIN file:

0.1 6219.0 2.67 2.330000E-03 -315.0
0.1 6219.0 2.67 2.330000E-03 -315.0
0.1 6219.0 2.67 2.330000E-03 -315.0



4.2 Walkthrough of Sample Run

Good Morning and Welcome to NYQUIST!!

Program NYQUIST provides stability predictions
of feedline systems

To send a plot to the printer
The computer MUST be in GRAPHICS mode

Hit PrScn to send the current plot to the printer

If you want frequency in rad/sec, hit enter.
If you want it in Hertz, enter "H". h
Do you have FUEL data? n
Do you have IOX data? ¥
Is the engine data on file ENG.RIN? (Y/N) ¥
Is the lox file name ILOX.RIN? (Y/N) ¥
Max. no. of iterations is set at 20
Do you wish to change it? n
Do you wish to modify lox line data? n
Are the following variables in a file? (Y¥/N)

VARIABLES
TRANSPORT LAG
CHARACTERISTIC ROCKET VELOCITY
MIXTURE RATIO
CHARACTERISTIC TIME CONSTANT
CHANGE IN VELOCITY WITH MIXTURE RATIO

Y
Is the name of the file CONST.RIN? (Y/N) ¥

Enter 20 character title
Sanple Run
Enter range of freguencies in Hertz
Low freq, high freq, #pts
1001 = Maximum number of points
1 40 40
The following IOX lines may be plotted

Line # Tank # Engine #

1 1 1l
2 1 2
3 2 3

Enter line # to be plotted, 0 will end plot 1

-7 -



Sample Run i8:5  12-12-91

LOX Piping - Tank 8 1 Engine & 1




The following LOX lines may be plotted

Line # Tank # Engine #

1 1 1l
2 1 2
3 2 3

Enter line # to be plotted, 0 will end plot 2



Sample Kun 19:53  12-12-91

LOX Piping - Tank 8 1 Engine 8 2
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The following LOX lines may be plotted

Line # Tank # Engine #

1 1 1
2 1l 2
3 2 3

Enter line # to be plotted, 0 will end plot 3

- 11 -



Sample Run i:53a8  12-12-91

LOX Piping - Tank & 2 Engine § 3
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The following 10X lines may be plotted

Line # Tank # Engine #

1 1 1
2 1 2
3 2 3

Enter line # to be plotted, 0 will end plot 4
You did not enter a valid line #. Try again

Enter line # to be plotted, 0 will end plot O
Please wait while computations proceed.
Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

(Ve lie SR I 0N g

=

- 13 -



12-12-91

18:53

Sample Run
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Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

oo

2
The following LOX lines are available

Line # Tank # Engine #

1l 1 1
2 1 2
3 2 3

Enter line # to be plotted 1

- 15 -



5 12-12-91

Eng. £1 LOXTANKE !

.
.

18

Sample Run

467

-2

Real

K(jv,Gox)
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Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

[Ye I NG 00 S I o

2
The following IOX lines are available

Line # Tank # Engine #
1 1 1
2 1 2
3 2 3

Enter line # to be plotted 2

- 17 -



S 12-12-91

Eng. 82 LOXTAMK E 1

18

Sample Run

Real

K( ju,6ox)

18



Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

(Yol G B S R g

The following IOX lines are available

Line # Tank # Engine #

1l 1 1
2 1 2
3 2 3

Enter line # to be plotted 3

- 19 -



18:53  12-12-31

Ing. £3 LOXTANK & 2

Sample Run

116

A12

Real

K{ ,Gox)
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(1]

Enter graph selection

Nyquist plot independent of fuel or lox.
Nygquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

oL

-2]1 -



18:53  12-12-91

Sample Run
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Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

oL

]
The following IOX lines are available

Line # Tank # Engine #

1 1 1
2 1 2
3 2 3

Enter line # to be plotted 1

- 23 -



18:53m  12-12-91

Sample Run
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- Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots. .

(Yoo G TN S B g

s
The following LOX lines are available

Line # Tank # Engine #

1l 1 1
2 1 2
3 2 3

Enter line # to be plotted 2

- 25 -



18:538  12-12-91

Sample Run
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Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

oL

s
The following LOX lines are available

Line # Tank # Engine #

1 1 1
2 1 2
3 2 3

Enter line # to be plotted 3

- 27 -



11:31 12-12-91

Sample Run
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Eng. $3 LOX TANK # 2
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1.8

K(jw;Gox)

- 28 -



Enter graph selection

Nyquist plot independent of fuel or lox.
Nyquist plot independent of fuel.
Phase-Gain plot independent of fuel or lox.
Phase-Gain plot independent of fuel.

End plots.

OO

o

Enter exit,
run new frequency range,
a new case,

to
to
to
to read new files. e

Z0O"

4.3 Output for Sample Run

|
[ Y]
0

1

NYQ.OUT File
Sample Run 10:532M  12-12-91
FREQ. K1(R) K1(I) mNG.  K2(R) K2 (I)
1.0000E+00 1.6005E+00 -1.1990E+00 1  3.0390E-01 -2.4404E-01
1.0000E+00 1.6005E+00 -1.1990E+00 2  1.5277E-01 -1.2105E-01
1.0000E+00 1.6005E+00 -1.1990E+00 3  7.6444E-02 -6.0587E-02
1.3250E4+00 1.3168E+00 -1.5048E+00 1  2.4068E-01 -3.0540E-01
1.3250E+00 1.3168E+00 -1.5048E+00 2  1.2167E-01 ~1.5172E-01
1.3250E+00 1.3168E+00 -1.5048E+00 3  6.1054E-02 ~7.5997E-02
1.6500E+00 9.7593E-01 -1.7451E+00 1  1.6259E-01 -3.5084E-01
1.6500E+00 9.7593E-01 -1.7451E+00 2  8.3069E-02 -1.7467E-01
1.6500E+00 ©.7593E-01 -1.7451E+00 3  4.1882E-02 -8.7884E-02
1.9750E+00 5.9263E-01 -1.9093E+00 1  6.9614E-02 -3.7361E-01
1.9750E+00 5.9263E-01 -1.9093E+00 2  3.6472E-02 -1.8630E-01
1.9750E+00 5.9263E-01 -1.9093E+00 3  1.8233E-02 -9.5210E-02
5.3000E+00 1.8365E-01 -1.9904E+00 1 =3.2350E-02 -3.4500E-01
2.3000E+00 1.8365E-01 -1.9904E+00 2 =-1.5258E-02 -1.6837E-01
2.3000E4+00 1.8365E-01 -1.9904E+00 3 =1.7430E-02 -9.2128E-02
5. 6250E+00 =2.3320E-01 -1.9849E+00 1 =3.5376E-02 -2.9597E-01
2. 6250E+00 -2.3320E-01 -1.9849E+00 2 =2.2322E-03 -1.5421E-01
2.6250E+00 -2.3320E-01 -1.9849E+00 3  3.6578E-02 -7.2733E-02
2.9500E+00 -6.3973E-01 -1.8930E+00 1 =2.7266E-02 -6.1385E-01
5.9500E+00 —6.3973E-01 -1.8930E+00 2 =5.1827E-02 -1.8444E-01
5.9500E+00 —6.3973E-01 -1.8930E+00 3 —-1.6659E-02 -9.4921E-02
3.2750E4+00 -1.0183E+00 -1.7187E+00 1 =-1.6445E-01 -3.4257E-01
3.2750E+00 -1.0183E+00 -1.7187E+00 2 -8.3960E-02 -1.7178E-01
3.2750E+00 -1.0183E+00 -1.7187E+00 3 =4.2356E-02 -8.7415E-02
3. 6000E+00 -1.3523E+00 -1.4698E+00 1 =-2.5095E-01 -2.9235E-01
3. G000E+00 -1.3523E+00 —-1.4698E+00 2 =-1.2426E-01 -1.4770E-01
3. 6000E+00 -1.3523E+00 -1.4698E+00 3 -6.1878E-02 -7.5100E-02
3.0250E+00 -1.6273E+00 -1.1570E+00 1 =-3.1388E-01 -2.2656E-01
3.9250E+00 -1.6273E+00 -1.1570E+00 2 <-1.5501E-01 -1.1622E-01
3.9250E+00 -1.6273E+00 -1.1570E+00 3 =7.7171E-02 -5.9359E-02



4.2500E+00
4 .2500E+00
4.2500E+00
4,5750E+00
4 ,5750E+00
4.5750E+00
4 .9000E+00
4 .9000E+00
4 .9000E+00
5.8000E+00
5.8000E+00
5.8000E+00
6.7000E+00
6.7000E+00
6.7000E+00
7.6000E+00
7.6000E+00
7.6000E+00
8.5000E+00
8.5000E+00
8.5000E+00
9.4000E+00
9.4000E+00
9.4000E+00
1.0300E+01
1.0300E+01
1.0300E+01
1.1200E+01
1.1200E+01
1.1200E+01
1.2100E+01
1.2100E+01
1.2100E+01
1.3000E+01
1.3000E+01
1.3000E+01
1.3900E+01
1.3900E+01
1.3900E+01
1.4800E+01
1.4800E+01
1.4800E+01
1.5700E+01
1.5700E+01
1.5700E+01
1.6600E+01
1.6600E+01
1.6600E+01
1.8271E+01
1.8271E+01
1.8271E+01
1.9943E+01
1.9943E+01

-1.8314E+00
-1.8314E+00
-1.8314E+00
-1.9557E+00
-1.9557E+00
-1.9557E+00
-1.9948E+00
-1.9948E+00
-1.9948E+00
-1.6588E+00
-1.6588E+00
-1.6588E+00
-7.8406E-01
-7.8406E-01
-7.8406E-01
3.4342E-01
3.4342E-01
3.4342E-01
1.3559E+00
1.3559E+00
1.3559E+00
1.9244E+00
1.9244E+00
1.9244E+00
1.8656E+00
1.8656E+00
1.8656E+00
1.2012E+00
1.2012E+00
1.2012E+00
1.4954E-01
1.4954E~-01
1.4954E-01
-9,.4578E-01
-9.4578E-01
-9.4578E-01
-1.7289E+00
-1.7289E+00
-1.7289E+00
-1.9471E+00
-1.9471E+00
-1.9471E+00
-1.5329E+00
-1.5329E+00
-1.5329E+00
-6.2440E-01
-6.2440E-01
-6.2440E-01
1.3114E+00
1.3114E+00
1.3114E+00
1.8610E+00
1.8610E+00

-7.9403E-01
-7.9403E-01
-7.9403E-01
-3.9676E-01
-3.9676E-01
-3.9676E-01
1.7516E~02
1.7516E-02
1.7516E-02
1.1044E+00
1.1044E+00
1.1044E+00
1.8295E+00
1.8295E+00
1.8295E+00
1.9578E+00
1.9578E+00
1.9578E+00
1.4493E+00
1.4493E+00
1.4493E+00
4.7142E-01
4.7142E-01
4.7142E-01
-6.5608E-01
-6.5608E-01
-6.5608E-01
-1.5660E+00
-1.5660E+00
-1.5660E+00
-1.9637E+00
-1.9637E+00
~-1.9637E+00
-1.7221E+00
-1.7221E+00
-1.7221E+00
-9.2304E-01
-9,2304E-01
-9,2304E-01
1.7121E-01
1.7121E-01
1.7121E-01
1.2039E+00
1.2039E+00
1.2039E+00
1.8404E+00
1.8404E+00
1.8404E+00
1.4188E+00
1.4188E+00
1.4188E+00
-4.7155E-01
-4.7155E-01

NHLJNl—‘b)NI—‘UJNHUNHUNHHNHWNHUNO—‘uNl—luNHUNHwNHUNHNNHUNHNNHuNH

-3.5779E-01
-1.7715E-01
-8.8310E-02
-3.8254E-01
-1.9036E-01
-9.5089E-02
-3.8760E-01
-1.9432E-01
-9.7336E-02
-2.9920E-01
-1.5734E-01
-8.0045E-02
-6.6755E-02
-5.5539E-02
-3.2324E-02
5.4292E-02
2.9180E-02
-3.8203E-02
2.9148E-01
1.3521E-01
6.1280E-02
3.5810E-01
1.8464E-01
9.3258E-02
1.9654E-01
1.6347E-01
9.1121E-02
1.3862E-01
9.4130E-02
5.6674E-02
1.5268E-01
-8.2018E-02
-4 ,7040E-03
-9.4360E-02
-2.2622E-02
-3.3698E-02
-2.9358E-01
-1.4705E-01
-8.2148E-02
-3.7734E-01
-1.8504E-01
-9.5133E-02
-2.8284E-01
-1.5246E-01
-7.4668E-02
-1.5822E-01
-3.7439E-02
-2.6974E-02
2.2481E-01
1.1217E-01
5.7285E-02
3.6837E-01
1.8380E~-01

1
w
o

|

-1.4976E~-01
-7.9292E-02
-4.1012E-02
-6.5826E-02
-3.8747E-02
-2.0895E-02
2.1285E-02
3.5422E-03
1.0008E-04
2.4542E-01
1.1401E-01
5.5188E-02
3.6850E-01
1.8308E-01
9.1370E-02
2.9949E-01
1.7313E-01
6.1255E-02
2.0582E-01
1.3081E-01
7.4722E-02
4.5479E-02
3.9720E-02
2.5367E-02
-1.3761E-01
-7.7551E-02
-3.1760E-02
-1.1178E-01
-1.4168E-01
-7.7824E-02
-3.2401E-01
-1.2902E-01
-9,.5223E~-02
-3.5742E-01
-1.7364E-01
-8.8757E-02
-2.3433E-01
-1.1621E-01
-4 .8763E-02
-3.4540E-02
-5.0988E-02
6.5637E-03
1.9258E-01
1.0871E-01
5.8910E-02
3.3608E-01
1.8014E-01
9.0839E-02
3.0025E-01
1.5026E-01
7.4394E-02
-6.1085E-02
-3.4382E-02



1.9943E+01 1.8610E+00 -4.7155E-01 3  9.1216E-02 -2.1258E-02
2.1614E+01 4.7185E-01 -1.8475E+00 1  1.0911E-01 -3.5085E-01
5.1614E+01 4.7185E-01 -1.8475E+00 2  4.0099E-02 -1.7829E-01
5.1614E+01 4.7185E-01 -1.8475E+00 3  2.0366E-02 —9.0745E-02
2.3286E+01 —-1.3869E+00 -1.2884E+00 1 =-2.5132E-01 -2.6953E-01
2.3286E+01 —1.3869E+00 -1.2884E+00 2 -1.2542E-01 -1.3496E-01
2.3286E+01 -1.3869E+00 -1.2884E+00 3 -6.1509E-02 -6.8410E-02
2.4957E+01 -1.7812E+00 5.9693E-01 1 -3.5324E-01 9.5945E-02
2.4957E+01 -1.7812E+00 5.9693E-01 2 -1.7609E-01 5.0354E-02
2.4957E+01 -1.7812E+00 5.9693E-01 3 -8.7505E-02 2.7218E-02
2.6620E+01 -3.2594E-01 1.8347E+00 1 -8.9997E-02 3.5150E-01
2.6629E+01 -3.2594E-01 1.8347E+00 2 -—4.6848E-02 1.7520E-01
2.6629E+01 -3.2594E-01 1.8347E+00 3 -1.4011E-02 8.9818E-02
2.8300E+01 1.4421E+00 1.1551E+00 1  2.6690E-01 2.4154E-01
2.8300E+01 1.4421E+00 1.1551E+00 2  1.3238E-01 1.2181E-01
5.8300E+01 1.4421E+00 1.1551E+00 3  6.4856E-02 6.2118E-02
2.9971E+01 1.6901E+00 -7.0565E-01 1  3.3526E-01 -1.2302E-01
2.9971E+01 1.6901E+00 -7.0565E-01 2  1.6711E-01 -6.3096E-02
2.9971E+01 1.6901E+00 -7.0565E-01 3  8.3234E-02 -3.2460E-02
3.1643E+01 1.8974E-01 -1.8048E+00 1  4.9959E-02 -3.5060E-01
3.1643E+01 1.8974E-01 -1.8048E+00 2  2.1814E-02 -1.7575E-01
3.1643E+01 1.8974E-01 -1.8048E+00 3  8.0807E-03 -8.8172E-02
3.3314FE+01 -1.4781E+00 -1.0230E+00 1 =2.7942E-01 -2.0948E-01
3.3314E+01 -1.4781E+00 -1.0230E+00 2 -1.4051E-01 -1.0339E-01
3.3314E+01 -1.4781E+00 -1.0230E+00 3 =-6.7146E-02 -5.5897E-02
3.4986E+01 -1.5916E+00 7.9723E-01 1 =3.1573E-01 1.4451E-01
3.4986E+01 -1.5916E+00 7.9723E-01 2 -1.5757E-01 7.2957E-02
3.4986E+01 -1.5916E+00 7.9723E-01 3 ~-7.8591E-02 3.6920E-02
3.6657E+01 —6.5268E-02 1.7611E+00 1 -1.9983E-02 3.4369E-01
3.6657E+01 —6.5268E-02 1.7611E+00 2 =8.1432E-03 1.7247E-01
3.6657E+01 —-6.5268E-02 1.7611E+00 3 =-2.6680E-03 8.5946E-02
3.8329E+01 1.4970E+00 8.9502E-01 1  2.8223E-01 1.8719E-01
3.8329E+01 1.4970E+00 8.9502E-01 2  1.4092E-01 9.3133E-02
3.8329E+01 1.4970E+00 8.9502E-01 3  6.8416E-02 5.0007E-02
4.0000E+01 1.4893E+00 -8.7212E-01 1  2.9607E-01 -1.6029E-01
4.0000E+01 1.4893E+00 -8.7212E-01 2  1.4794E-01 -8.0328E-02
4.0000E+01 1.4893E+00 -8.7212E-01 3  7.3729E-02 -4.0632E-02
SURF.ERR File
Sample Run 10:53AM  12-12-91
jw = 3.0 after 20 iterations has error of 18.520% in LOX line
= 3 J= 2 |G|= 2.2871E-03 |GOLD|= 1.9298E-03
jw = 33.3 after 20 iterations has error of 68.872% in LOX line
= 1 J= 2 |G|= 2.0232E-02 |GOLD|= 1.1981E-02
jw = 36.7 after 20 iterations has error of 2.041% in IOX line
= 4 J= 3 |G|= 6.6627E-02 |GOLD|= 6.5294E-02
jw = 38.3 after 20 iterations has error of 456.116% in LOX line

2 J= 3 |G|= 3.2994E-02 |GOLD|= 5.9329E-03
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5.0 Flow Diagram

— ENGNO

— FPLOT
— NYQUIS
— GETKS

— ALLPT

— PNYQ

— UPPERW
— CURV

TANKNO
RTYPE -— BENDS —— GINERT
MODTAN ZREAD
CSINH
CCQOSH

| PLSECT —

BNSECT 1
STSECT

— PIPPLOT:

HHSECT —

— ENDPLT

SETPLT — fourcolors

TSSECT

— MODENG
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XC
YC

ANGLE

SCREEN

MENG

TFLOW (25)
PCHMB (25)
DPROR(25)
PMRAT (25)

SFAC

PIPEIF(75,25)
PIPE2F(75,25)
PIPE3F(75,25)
PIPEAF(75,25)
PIPESF(75,25)

MLINEF
SPLITF (25)
AF(25)

QMANF (25)
CTANKF (25)
DENSF (25)
KMANF (25)
KTANKF (25)
LFLOWF (25)
VOLF (25)
VOLMFF (25)
AREAF (75, 25)
DIAF(75,25)
LF(75,25)
PINDF(75,25)
PCAPF (75, 25)
AVGKF (25)
SEGMNF (25)

SECINF (75, 25)

NOLINF (25)
TENGF (25)

6.0 Variable Description

Variables in Commons

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

CHAR*22

INTEGER*2
REAL*4
REAL*4
REAL*4
REAL*4

REAL*4

REAT*4
REAL*4
REAL*4
REAL*4
REAL*4

INTEGER*2
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAT*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAT*4
REAL*4
REAL*4
REAL*4
REAL*4
INTEGER*2
INTEGER*2
INTEGER*2
INTBGER*2

/ARCCON/
% coordinate of curve center
y coordinate of curve center
radius of bend
angle of bend in radians
angle of bend in degrees

JOOMMOQ/ )
screen atributes for plotting

/EPARAM/
number of engines
total flow rate of engine (llm/sec)
chamber pressure (lbf/ft"2)
pressure Arop across orifices (1bf/ft"2)
chamber pressure/total mass flow

/FACTOR/
factor for frequency

/FOPIPE/
first parameter of pipe description
second parameter of pipe description
third parameter of pipe description
fourth parameter of pipe description
fifth parameter of pipe description

/FPARAM/
mumber of lines from tank
number of unique lines from pipe split
speed of sound in the fluid (ft/sec)
manifold capacitance
tank capacitance
density of fluid (llm/ft~3)
bulk modulus of manifold (1bf/ft"2)
bulk modulus of tank (1bf/ft"2)
flow rate through pipe (lkm/sec)
volume of tank (ft”3)
volume of manifold (ft”3)
area of pipe section (ft~2)
diameter of pipe section (ft)
length of pipe section (ft)
inductance of pipe section
capacitance of pipe section
average bulk modulus
number of pipe sections
pipe section type
muber of identical lines
engine number
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ITANKF (25)
LOPOLF (25)
LOPENF (25)

NCOOLS
NMODE

MLINEO
SPLITO(25)
A0(25)
QUANO(25)
CTANKO (25)
DENSO(25)
KMANO (25)
KTANKO (25)
LFLOWO (25)
VOLO (25)
VOLMFO (25)
AREAO(75, 25)
DIAO(75,25)
10(75,25)
PINDO(75, 25)
PCAPO(7S, 25)
AVGKO (25)
SEGMNO (25)
SECTNO(75, 25)
NOLINO(25)
TENGO(25)
TTANKO (25)
LOPOLO(25)
LOPENO(25)

EEEE'@E"@SE"

SINA
CosA

PIPE1(150)
PIPE2 (150)
PIPE3(150)
PIPEA4 (150)

INTBGER*2
INTBGER*2
INTEGER*2

INTEGER*2
INTEGER*2

INTEGER*2
REAL*4
REAL*4
REAL*4
REAL*4
REATL*4
REAT*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAT *4
REAL*4
INTBEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTBEGER*2
INTBEGER*2
INTBEGER*2

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAT*4
REAL*4
REAL*4
REAL*4

REAL*4
REATL*4
REAL*4
REAT *4

tank mumber
previous maximm number of iterations
maximum number of iterations for split pipe

/NOCOL/

number of text columns
graphics mode

/OPARAM/

number of lines from tank

number of unique lines from pipe split
speed of sound in the fluid (ft/sec)
manifold capacitance

tank capacitance

density of fluid (lbm/ft"3)

bulk modulus of manifold (1bf/ft"~2)
bulk modulus of tank (1lbf/ft"2)

flow rate through pipe (llm/sec)
volume of tank (ft”3)

volume of manifold (ft°3)

area of pipe section (ft°2)

diameter of pipe section (ft)

length of pipe section (ft)
inductance of pipe section
capacitance of pipe section

average bulk modulus

number of pipe sections

pipe section type

number of identical lines

engine number

tank number

previous maximum number of iterations
maximum number of iterations for split pipe

/PIPPXY/

x location of current centerline
% location of current upper pipe
x location of current lower pipe
y location of current centerline
y location of current upper pipe
y location of current lower pipe
minimm x value of piping layout
maximm x value of piping layout
minimm y value of piping layout
maximum y value of piping layout
sine of current pipe direction

cosine of current pipe direction

/SETUP/

current first parameter of pipe description
current second parameter of pipe description
current third parameter of pipe description
current fourth parameter of pipe description
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NENGF (25)
NTANKF (25)
NLINEF (25)
NSPF (25)
TLINEF
NENGO (25)
NTANKO (25)
NLINEO(25)
NSPO(25)
TLINEO
SEGMN
SECTN (150)

IDAY

K1R(1001)
K1C(1001)
K2R(1001)
K2C(1001)
K3R(1001)
K3C(1001)
K4R(1001)
K4C(1001)
DUMMY1 (3392)
DUMMY2 (8397)
X(1001)
YR(1001)
YC(1001)
G(0:75,25)
ZT(0:75,25)
2G(0:75,25)

20(75,25)
POINT(8,200)
DUMMY3 (175)
TTYPE(200)

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTBEGER*2
INTEGER*2
INTBEGER*2
INTEGER*2
INTEGER*2
INTBGER*2

INTEGER*2

CHAR*24

CHAR*40
CHAR*20
INTEGER*2
INTBEGER*2
CGHAR*2
INTBGER*2
INTBEGER*2
INTBEGER*2

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAT *4
REAL*4
REAL*4
REAT *4
REAL*4

engine for a fuel line

tank for a fuel line

section number for a fuel line
starting fuel line number
current fuel line

engine for a lox line

tank for a lox line

section number for a lox line
starting lox line number
current lox line

current number of pipe sections
current pipe section type

/TANK/
number of tanks

JWCAOUT/ o . o
name of files containing pipe description

JWCATIT/
title for plots
title from pipe file
hour code run
minute code run
AM or PM
yesr code run
month code run
day code run

JWORK1/
real part of K(jw)
complex part of K(jw)
real part of K(jw,GOX)
complex part of K(jw,GOX)
real part of K(jw,GF)
complex part of K(jw,GF)
real part of K(jw,GOX,GF)
complex part of K(jw,GOX,GF)
dummy array for spacing
dummy array for spacing
frequency array
real part of Nyguist
complex part of Nygquist

OOMPLEX*8 admittance locking toward tank
OOMPLEX*8 impedance locking toward tank
COMPLEX*8 impedance locking toward engine

JWORK2/
REAL*4 characteristic impedance
REAL*4 description of plot element
REAL*4 dummy array for spacing
INTEGER*2 type plot element
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PROGRAM NYQ

Logic portion of code

Commons EPARAM FACTOR FPARAM NOCOL

WCATIT WORK1
Iocal Variables

AM

ANS
ANS1
CSTAR(25)
DCDR(25)
GF(25)
GOX (25)
HFREQ

I

IFUEL
IGONE
TIOX
ISEC
1100

J

JUNIT

K
KW(1001)
LFREQ
NAMENG
NOXY
NOXYP
NPTS

M

PTS

RBAR (25)
s

SSIZE1
SSIZE2
SSIZE3
TAUT (25)
THETAC (25)
VART

W

CHAR*2
CHAR*1
CHAR*2
REAL*4
REAL*4
COMPLEX*8
COMPLEX*8
REAL*4
INTBEGER*2
INTBEGER*2
INTEGER*2
INTEGER*2
INTBEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
REAL*4
REAL*4
CHAR*24
INTEGER*2
INTEGER*2
INTEGER*2
CHAR*2
INTBEGER*2
REAL*4
COMPLEX*8
REAT*4
REAT*4
REAL*4
REAL*4
REAL*4
CHAR*24
REAL*4

SUBROUTINE ALLPT

Supervises Nygquist plot
Commons NOQOL

GHOLD (1001)

ING
ITF
ITO
ITYPE
PIS

OPARAM SETUP  WCAOUT

IAM|

response to question

response to question

characteristic rocket velocity (ft/sec)
change in velocity with mixture ratio (ft/sec)
admittance of fuel line locking toward tank
admittance of lox line locking toward tank
maximum frequency requested

do loop index

flag indicating presence of fuel line

flag for FUEL & LOX routines

flag indicating presence of lox line

second code run

hundredth of second code run

do loop index

unit number of engine data file

do loop index

frequency array

minimm frequency requested

name of engine data file

counter

pointer

flag to switch step size

Iml

number of frequencies

mixture ratio

complex frequency

parameter to pack frequencies toward low end
parameter to pack frequencies toward low end
parameter to pack frequencies toward low end
transport lag (sec)

characteristic time constant (sec)

name of input file

oscillatory part of frequency

Variables in Argument List

REAL*4

INTEGER*2
INTEGER*2
INTBGER*2
INTEGER*2
INTEGER*2

complex part of K()
engine number

" fuel tank number

lox tank number
which K()
mumber of values to plot
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WHOLD(1001) REAL*4 real part of K()
Iocal Variables

DUMWIL INTEGER*2 intermediate variable

ENGTNK CHAR*38 intermediate variable

I INTEGER*2 do loop index

IMAX REAL*8 maximm value of complex part
IMMIN REAL*8 minimm value of complex part
RMAX REAL*8 maximm value of real part
RMIN REAL*8 minimm value of real part

S CHAR*4 intermediate variable

X REAL*8 % value of point to be plotted
XY CHAR*16 intermediate variable

Y REAL*8 y value of point to be plotted

SUBROUTINE CURV
Draws circular arc

Commons ARCCON
Variables in Argument List

Al REAL*8 starting angle for arc
A2 REAL*8 ending angle for arc
Local Variables
ANG1 REAL*4 starting angle for arc
ANG2 REAL*4 ending angle for arc
DA REAL*4 incremental angle for plot
DTH REAT*4 total angle to plot
DUMWIL INTEGER*2 intermediate variable
I INTEGER*2 do loop index
N INTEGER*2 number of points to plot
T REAL*4 current angle
XP REAL#8 x location of point to plot
XY CHAR*16 intermediate variable
YP REAL*8 y location of point to plot

Closes plot routines

Iocal Variables
DUMMY INTEGER*2 intermediate variable

SUBROUTINE FLPLOT
Supervises plot of piping

Commons EPARAM FOPIPE FPARAM OPARAM SETUP
Variables in Argument List

110X INTBGER*2 flag indicating presence of lox line
Local Variables

I INTEGER*2 do loop index

IPF INTEGER*2 fuel line pointer

IPLOTF INTEGER*2 fuel line plot pointer
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- IPLOTO INTEGER*2 lox line plot pointer
Iro INTEGER*2 lox line pointer
J INTEGER*2 do loop index
K INTEGER*2 pointer
L INTEGER*2 do loop index
NOXY INTEGER*2 intermediate variable
NOXYP INTEGER*2 intermediate variable

1OGICAL FUNCTION fourcolors

Determines type of graphics monitor

Commons  COMMOQ

DUMMY

Iocal Variables

INTEGER*2

SUBROUTINE FPLOT
Determines fuel line to be plotted

Commons EPARAM FOPIPE

10X

L-‘NQEUH
e}

intermediate variable

FPARAM SETUP

Variables in Argument List

INTBGER*2

flag indicating presence of lox line

local Variables

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2

do loop index

fuel line pointer

fuel line plot pointer
pointer

pointer

do loop index

SUBROUTINE LABANG
labels phase angle plot

Cammons COMMQQ FACTOR NOCOL  WCATIT

Variables in Argument List
REAL*8 maximm x value for phase angle plot
REAL*8 minimm x value for phase angle plot
REAL*8 maximum y value for phase angle plot
REAL*8 minimum y value for phase angle plot

SR T

ROWS

1ocal Variables

REAL*4

INTEGER*2
REAL*4

INTEGER*2
INTBGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2

intermediate variable
intermediate variable
intermediate variable
do loop index

intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable
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S CHAR*4 intermediate variable

XHT CHAR*7 label for x tick marks

Xp REAL*8 x point for plot

XY CHAR*16 intermediate variable

YHT CHAR*6 ' 180°' upper phase arngle label
YIO CHAR*6 1 -180°' lower phase angle label
YP REAL*8 y point for plot

SUBROUTINE IABGATN
Labels gain plot

Commons COMMQQ FACTOR NOCOL WCATIT
Variables in Argument List

ITYPE INTEGER*2 which K()

REAL*8 maximum x value for gain plot
REAL*8 minimum x value for gain plot
REAL*8 maximm y value for gain plot
REAL*8 minimm y value for gain plot

Local Variables

REAL*4 intermediate variable
INTEGER*2 intermediate variable

REAL*4 intermediate variable
INTEGER*2 do loop index
INTEGER*2 intermediate variable
INTEGER*2 intermediate variable
INTEGER*2 intermediate variable
INTEGER*2 intermediate variable
INTEGER*2 intermediate variable
INTEGER*2 intermediate variable

ROWS INTEGER*2 intermediate variable

S CHAR*4 intermediate variable

XHI CHAR*7 label for x tick marks

XP REAL*8 x point for plot

XY

YHI

HgEAE g SRR

CHAR*16 intermediate variable

CHAR*6 ' 180°' upper phase angle label
Y10 CHAR*6 ' -180°' lower phase angle label
YP REAL*8 y point for plot

SUBROUTINE LOWERW
Sets up lower plotting window

Commons OOMMQQ NOCQOL
Variables in Argument List

XMAX REAL*8 maximum x value for Nyguist plot

XMIN REAL*8 minimm x value for Nyquist plot

YMAX REAL*8 maximm y value for Nyquist plot

YMIN REAL*8 minimumm y value for Nyquist plot
local Variables

COLS INTEGER*2 number of text columns

puUMMY INTEGER*2 intermediate variable

ROWS INTEGER*2 number of text rows
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XLEN REAL*8 intermediate variable

XWIDTH INTEGER*2 number of x pixels
YHEIGHT INTEGER*2 number of y pixels
YLEN REAL*8 intermediate variable

SUBROUTINE LPLOT
Determines lox line to be plotted

Commons EPARAM FOPIPE OPARAM SETUP
Variables in Argument List

I10X INTEGER*2 flag indicating presence of lox line
Iocal Variables

I INTEGER*2 do loop index

IPLOTO INTEGER*2 lox line plot pointer

IPO INTEGER*2 lox line pointer

J INTEGER*2 pointer

K INTEGER*2 pointer

L INTEGER*2 do loop index

SUBROUTINE NICEGRF
Plots Nyquist curve

Cammons COMMQQ FACTOR  NOCOL WCATIT
Variables in Argument List

MAX REAL*8 maximm value of complex part

IMMIN REAL*8 minimm value of complex part

ITYPE INTEGER*2 which K()

RBRX REAL*8 maximum value of real part

RMIN REAL*8 minimm value of real part
Local Variables

DUMMY REAL*4 intermediate variable

ROW INTEGER*2 intermediate variable

ROWS INTEGER*2 intermediate variable

S CHAR*4 intermediate variable

XHI CHAR*6 label for maximum x value

X110 CHAR*6 label for minimm x value

XMAX REAL*8 maximm x value

XMIN REAL*8 minimm x value

YHI CHAR*6 label for maximum y value

YIO CHAR*6 label for minimm y value

YMAX REAL*8 maximm y value

YMIN REAL*8 minimm y value

SUBROUTINE PIPPLOT
Supervises plot of piping layout

Commons ARCCON PIPPXY WORK2
Variables in Argument List
IENG INTEGER*2 engine number
IoX INTEGER*2 flag for fuel or lox
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TTANK INTEGER*2 tank number

PIPE1(75) REAT *4 first parameter of pipe description
PIPE2 (75) REAL*4 second parameter of pipe description
PIPE3(75) REAL*4 third parameter of pipe description
PIPE4 (75) REAL*4 fourth parameter of pipe description
R CHAR*1 flag for fuel or lox
SECIN(75) INTEGER*2 pipe section type
SEGMN INTEGER*2 number of pipe sections
local Variables
DUMWIL INTEGER*2 intermediate variable
I INTBEGER*2 do loop index
J INTEGER*2 do loop index
XRANGE REAL*4 range of x values
X0 REAL*4 intermediate variable
X1 REAL*4 intermediate variable
X2 REAL*4 intermediate variable
X3 REAL*4 intermediate variable
YRANGE REAL*4 range of y values
YO REAL*4 intermediate variable
Yl REAL*4 intermediate variable
Y2 REAL*4 intermediate variable
Y3 REAL*4 intermediate variable

SUBROUTINE PLSECT
Computes plot coordinates for parallel resonator

Commons ARCCON PIPPXY
Variables in Argument List

DIA REAL*4 diameter of parallel segment (ft)

TTYPE (200) INTEGER*2 type plot element

J INTEGER*2 pointer to element

LEN REAL*4 length of parallel segment (ft)

POINT(8,200) REAL*4 description of plot element

VOL REAL*4 volume of bypassed segment (ft”3)
Local Variables

ANGOLD REAL*4 intermediate variable

ANGSAV REAL*4 intermediate variable

QOSOLD REAL*4 intermediate variable

DIAM REAL*4 intermediate variable

PDIA REAL*4 intermediate variable

PLEN REAL*4 intermediate variable

RADIUS REAL*4 intermediate variable

SIDE REAL*4 intermediate variable

SINOLD REAL*4 intermediate variable

TURN REAL*4 intermediate variable

XHC REAL*4 intermediate variable

XHOLD REAL*4 intermediate variable

XHSAV REAL*4 intermediate variable

XIc REAL*4 intermediate variable

XIOLD REAL*4 intermediate variable

XLSAV REAT*4 intermediate variable

XOLD REAL*4 intermediate variable
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Xsav
YHC
YHOLD
YHSAV
YIC
YIOLD
YILSAV
YOLD
YSAV

SUBROUTINE PNYQ

REAT*4
REAT*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable
intermediate variable

Plots gain and phase argle

Commons COMMQQ NOCOL  WORK1
Variables in Argument List

INTBEGER*2
INTBEGER*2
INTBEGER*2
INTEGER*2
REATL*4
REAL*4
REAL*4
INTBEGER*2

engine number

fuel tank mumber
lox tank number
type plot element
complex part of K()
real part of K()
frequency

mumber of points

Local Variables

INTEGER*2
CHAR*38
INTEGER*2
REAL*4
CHAR*4
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
CHAR*16
REATL*8
REAL*8
REAL*8
REAL*8
REAL*8

SUBROUTINE SETPLT
Sets up the plot envirorment

intermediate variable
intermediate variable
do loop index
intermediate variable
intermediate variable
intermediate variable
intermediate variable
maximm x value
minimm x value

x point to plot
intermediate variable
maximum phase angle
maximum amplitude
minimum phase angle
minimm amplitude

y point to plot

Commons COMMQQ NOCOL  WCAPAS

SUBROUTINE UPPERW
Sets up upper plotting window

Commons OOMMQQ NOOOL  WCATIT
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IENG
II0X
ITANK

X00
X1l
Y00
Y11

ADDX
ADDY
COLS

FULOX

PICX
PICY

X0

X1
YHEIGHT
YRANG
YRAT

YO

Yl

Variables in Argument List

INTBGER*2
INTEGER*2
INTEGER*2
CHAR*1
REAL*4
REAL*4
REAL*4
REAL*4

engine number

flag indicating presence of lox line

tank number

flag for fuel of lox

minimm value of x for plpmg layout window
maximm value of x for plpmg layout window
minimm value of y for plplng layout window
maximm value of y for piping layout window

Iocal Variables

REAL*4
REAL*4
INTEGER*2
INTEGER*2
CHAR*36
REAL*4
REAL*4
REAL*4
INTEGER*2
CHAR*4
REAL*4
REAL*4
INTEGER*2
REAL*8
REAL*8
INTEGER*2
REAT*4
REAL*4
REAL*8
REAT*8

intermediate variable
intermediate variable
number of text columns
intermediate variable
plot identification
intermediate variable
intermediate variable
intermediate variable
number of text rows
intermediate variable
intermediate variable
intermediate variable
number ox X pixels
minimum x value
maximm x value
number of y pixels
intermediate variable
intermediate variable
minimm y value
maximm y value

SUBROUTINE mm(m,m,m,nmx)
Sets up gain window

Cammons COMMQQ  NOCOL
Variables in Argument List

XMAX
XMIN
YMAX
YMIN

OOLS
DUMMY
HALFY
ROWS
XLEN
XMAXP
XMINP
XWIDTH
YHETGHT
YLEN
YMAXP

REAL*8
REAL*8
REAL*8
REAL*8

maximm X value
minimm x value
maximm y value
minimm y value

Iocal Variables

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
REAL*8
REAL*8
REAL*8
INTEGER*2
INTEGER*2
REAL*8
REAL*8

number of text columns
intermediate variable
intermediate variable
number of text rows
intermediate variable
maximm x value
minimum x value
nunber of x pixels
mumber of y pixels
intermediate variable
maximm y value
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YMTNP

REAL*8

SUBROUTINE WINDUP
Sets up phase angle window

Commons COMMQQ NOCOL
Variables in Argument List

XMAX
XMIN
YMAX
YMIN

COLS
poMMyY
HALFY
ROWS
XLEN
XMAXP
XMINP
XWIDTH
YHETGHT
YLEN
YMAXP
YMINP

REAL*8
REAL*8
REAL*8
REAL*8

minimm y value

maximm x value
minimum x value
maximm y value
minimum y value

local Variables

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
REAL*8
REAL*8
REAL*8
INTEGER*2
INTEGER*2
REAL*8
REAL*8
REAL*8

SUBROUTINE ADMIT
Determines admittance looking toward tank

Commons FACTOR WCATIT

a

AREA (75, 25)
CMAN (25)
CTANK

DPROR (25)
GADM(25)
TENG(25)
TLINE

IP

TTLIN
L(75,25)
LFLOW
LOPEND
NOLINE (25)
PCAP (75, 25)
PIND(75, 25)
PMRAT (25)

s

SECTN (75, 25)
SEGMN (25)
SPLIT

WORK1

number of text columns
intermediate variable
intermediate variable
number of text rows
intermediate variable
maximm x value
minimm x value
number of x pixels
number of y pixels
intermediate variable
maximm y value
minimm y value

WORK2

Variables in Argument List

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
COMPLEX*8
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
REAL*4
REAL*4
INTEGER*2
INTEGER*2
REAL*4
REAL*4
REAL*4
COMPLEX*8
INTEGER*2
INTEGER*2
REAL*4

speed of sound in the fluid (ft/sec)
area of pipe section (ft~2)

manifold capacitance

tank capacitance

pressure drop across orifices (1lbf/ft"2)
admittance looking toward tank

engine number

line number

current pipe section

flag for fuel or lox

length of pipe section (ft)

flow rate through pipe (lkm/sec)
maximun number of iterations for split pipe
nunber of identical lines

capacitance of pipe section

inductance of pipe section

chamber pressure/total mass flow
current frequency

pipe section type

numnber of pipe sections

number of unicue lines from pipe split
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TFLOW (25)

CAPM
CAPN
CFAC
ERRP
GDIF
GOLD(0:75,25)
GRAV

I

1E
IOPEN
™G

J

JWG

K
KLOOP
LOPHI
RATPM
RHS
TCOUNT
TL
TMASS
TYPEL(2)
WG

WGOLD
2GEFF
ZLP
ZOEFF
Z0R (25)
ZTEFF
ZTOP

REAL*4

total flow rate of engine (llmm/sec)

local Variables

COMPLEX*8
OOMPLEX*8
COMPLEX*8
REAL*4
REAL*4
OCOMPLEX*8
REAL*4
INTEGER*2
INTEGER*2
INTBGER*2
INTBEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTBEGER*2
REAL*4
COMPLEX*8
REAL*4
REAL*4
REAL*4
CHAR*13
REAL*4
REAL*4
COMPLEX*8
REAT *4
REAT *4
REAL*4
COMPLEX*8
REAL*4

SUBROUTINE BENDS
Computes effective straight pipe for bend

DIME

PIPEl
PIPE2
PIPE3
PIPE4
VALUE

GAMMA
IBEND
RATIO
Y

intermediate variable
intermediate variable
intermediate variable
convergence error

maximm difference in admittance

previous addmittance

gravitational constant (llm-ft/ 1bf-sec”2)

do loop index
current engine number

flag indicating if SURF.ERR is open
first index of maximum error

do loop index

second index of maximumm error

do loop index

do loop index
intermediate variable
intermediate variable
intermediate variable
intermediate variable
length/speed of sound
intermediate variable
intermediate array
intermediate variable
intermediate variable

effective impedance for calculations

intermediate variable

effective 20 for calculations

intermediate variable

effective Zt for calculations

intermediate variable

Variables in Argument List

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

effective diameter (ft)
radius of bend (ft)
angle of bend (degrees)
diameter of bend (ft)

length of end straight segments (ft)

effective length (ft)

Iocal Variables

REAL*4
REAL*4
REAL*4
REAT *4

SUBROUTINE BNSECT
Computes plot coordinates for a bend

intermediate variable
intermediate variable
intermediate variable
intermediate variable
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Carmons ARCOON  PTPPXY
Variables in Argument List

ITYPE(200) INTEGER*2 type plot element
J INTEGER*2 pointer to element
PIPE1l REAL*4 first parameter of plpe description
PIPE2 REAL*4 second parameter of plpe description
PIPE3 REAL*4 third parameter of plpe description
PIPE4 REAL*4 fourth parameter of pipe description
POINT (8,200) REAT *4 description of plot element
local Variables
DIA REAL*4 intermediate variable
HOLD REAL*4 intermediate variable
RANG REAL*4 intermediate variable
SLENTH REAL*4 intermediate variable
X0 REAL*4 intermediate variable
X1 REAL*4 intermediate variable
X2 REAL*4 intermediate variable
X3 REAL*4 intermediate variable
YO REAL*4 intermediate variable
Y1 REAL*4 intermediate variable
Y2 REAL*4 intermediate variable
Y3 REAL*4 intermediate variable

OOMPLEX FUNCTION CCOSH
Evaluates the complex hyperbolic cosine

Variables in Argument List

S COMPLEX*8 current frequency
Local Variables
QOSHI REAL*4 intermediate variable
OOSHR REAL*4 intermediate variable
IAMDA REAL*4 real part of complex frequency
MU REAL*4 complex part of complex frequency

OOMPLEX FUNCTION CSINH
Evaluates the complex hyperbolic sine

Variables in Argument List

S OOMPLEX*8 current frequency

local Variables
TAMDA REAL*4 real part of complex frequency
MU REAL*4 complex part of complex frequency
SINHI REAL*4 intermediate variable
SINHR REAL*4 intermediate variable

COMPLEX FUNCTION CTANH
Evaluates the complex hyperbolic tangent

Variables in Argument List
S OOMPLEX*8 current frequency
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SUBROUTINE ENGNO
Reads engine parameters

Commons EPARAM

Variables in Argument List

TUNIT INTEGER*2 unit number of engine file
local Variables
I INTEGER*2 do loop index

SUBROUTTINE FUEL

Handles fuel piping logic

Commons FPARAM FOPIPE FPARAM WCAOUT
Variables in Argument List

GF(25) OOMPLEX*8 admittance looking toward tank
IGONE INTEGER*2 flag for subroutine fuel or lox
TUNIT INTEGER*2 unit number of fuel data file
TUNITP INTEGER*2 unit number of fuel work file
s COMPLEX*8 current frequency

local Variables
ANS CHAR*1 response to question
FUELIN CHAR*24 name of fuel data file

SUBROUTINE FULOX
Handles read, modify, and admittance calls for fuel and lox

Conmons EPARAM

Variables in Argument List

A(25) REAL*4 speed of sourd in the fluid (ft/sec)
ARFA(75,25) REAL*4 area of pipe section (ft"2)

AVGK(25) REAL*4 average bulk modulus

CMAN(25) REAL*4 manifold capacitance

CTANK (25) REAL*4 tank capacitance

DENS(25) REAL*4 density of fluid (lbm/ft"3)
DIA(75,25) REAL*4 diameter of pipe section (ft)

GF(25) OOMPLEX*8 admittance locking toward tank
IENG(25) INTEGER*2 engine number

IGONE INTEGER*2 flag for subroutine fuel or lox
ITANK(25) INTEGER*#2 tank number

ITLIN INTEGER*2 flag indication fuel or lox

TUNIT INTEGER*2 unit number of piping data file
TUNITP INTEGER*2 unit number of working file

KMBN (25) REAL*4 pulk modulus of manifold (1bf/ft"2)
KTANK (25) REAL*4 bulk modulus of tank (lbf/ft~2)
L(75,25) REAL*4 length of pipe section (ft)
LFLOW(25) REAL*4 flow rate through pipe (llm/sec)
LOPEND(25) INTEGER*2 maximum number of iterations for split pipe
1OPOLD(25) INTEGER*2 previous maximm number of iterations
MLINE INTEGER*2 number of lines from tank
NOLINE(25) INTEGER*2 number of identical lines
PCAP(75,25) REAL*4 capacitance of pipe section
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PIND(75, 25) REAL*4 inductance of pipe section
PIPE1(75,25) REAL*4 first parameter of p1pe description
PIPE2 (75,25) REAL*4 second parameter of pJ.pe description
PIPE3 (75,25) REAL*4 third parameter of plpe description
PIPE4(75,25) REAL*4 fourth parameter of plpe description
PIPES (75,25) REAL*4 fifth parameter of pipe description
S OOMPLEX*8 current frequency
SECIN(75,25) INTEGER*2 pipe section type
SEGMN(25) INTBGER*2 number of p1pe sections
SPLIT(25) REAL*4 number of unique lines from pipe split
VOL(25) REAL*4 volume of tank (ft°3)
VOLMF (25) REAL*4 volune of manifold (ft~3)

local Variables
ANS CHAR*1 response to question
I INTEGER*2 do loop index
ILINE INTEGER*2 current line number
IP INTEGER*2 current segment number
IT INTEGER*2 current tank mumber
QUEST1 (2) CHAR*40 question array
QUEST2 (2) CHAR*48 question array
QUEST3 (2) CHAR*40 question array
TITL CHAR*20 title from data file

SUBROUTINE GETKS
Determines Nyquist equation to be plotted

I
J
K
K1C(1001)
K1R(1001)
K2C(1001)
K2R(1001)
K3C(1001)
K3R(1001)
K4C(1001)
K4R(1001)
N

C1K(25)
C2K(25)
C3K(25)
C4K (25)
L

M

R1K(25)
R2K(25)
R3K(25)
R4K(25)

Variables in Argument List

INTEGER*2
INTEGER*2
INTBEGER*2
REAT *4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
INTEGER*2

fuel line number

lox line number

engine number

complex part of K(jw)
real part of K(jw)
complex part of K(jw,GOX)
real part of K(jw,GOX)
camplex part of K(jw,GF)
real part of K(jw,GF)
complex part of K(jw,GOX,GF)
real part of K(jw,GOX,GF)
number of points

Local Variables

REAL*4
REAT*4
REAL*4
REAI*4
INTEGER*2
INTEGER*2
REAL*4
REAL*4
REAL*4
REAL*4

work array for complex part of K(Jw)

work array for complex part of K(jw,GOX)
work array for camplex part of K(jw,GF)
work array for complex part of K(jw,GOX,GF)
do loop index

pointer

work array for real part of K(jw)

work array for real part of K(jw,GOX)

work array for real part of K(jw,GF)

work array for real part of K(jw,GOX,GF)
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SUBROUTINE GEIM
Determines location of data to be plotted

Commons SETUP
Variables in Argument List

I INTEGER*2 fuel line pointer

J INTEGER*2 lox line pointer

M INTEGER*2 plot pointer
Local Variables

II INTEGER*2 do loop index

JJ INTEGER*2 do loop index

SUBROUTINE GINERT
Evaluates curve fit of inertance of bends

Variables in Argument List

BEND REAL*4 angle of bend (degrees)
X REAL*4 ratio of inner to outer radius
Y REAL*4 inertance
local Variables
A REAL*4 intermediate variable
B(3) REAL*4 coefficient array for inertance fit

SUBROUTINE HHSECT
Computes plot coordinates for Helmholtz resonator

Cammons PIPPXY
Variables in Argument List

DIA REAL*4 diameter of opening (ft)

ITYPE(200) INTEGER*2 type plot element

J INTEGER*2 pointer to element

LEN REAL*4 length of opening (ft)

POINT(8,200) REAL*4 description of plot element

VOL REAL*4 volume of reservoir (ft°3)
Local Variables

O0SOLD REAL*4 intermediate variable

DIAM REAL*4 intermediate variable

SIDE REAL*4 intermediate variable

SINOLD REAL*4 intermediate variable

XC REAL*4 intermediate variable

XHOLD REAL*4 intermediate variable

XLOLD REATL*4 intermediate variable

XOLD REAL*4 intermediate variable

YC REAL*4 intermediate variable

YHOLD REAL*4 intermediate variable

YIOLD REAL*4 intermediate variable

YOLD REAL*4 intermediate variable

SUBROUTINE LOX
Handles fuel piping logic
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Cormons EPARAM FOPIPE OPARAM WCAOUT
Variables in Argument List

GOX (25) OOMPLEX*8 admittance looking toward tank
IGONE INTBGER*2 flag for subroutine fuel or lox
TUNIT INTEGER*2 unit number of lox data file
IUNITP INTEGER*2 unit number of lox work file
S OOMPLEX*8 current frequency

local Variables
ANS CHAR*1 response to question
LOXIN CHAR*24 name of lox data file

SUBROUTINE MODCON
Modifies CONST.RIN parameters

Variables in Argument List

CSTAR(25) REAL*4 characteristic rocket velocity (ft/sec)
DCDR(25) REAL*4 change in velocity with mixture ratio (ft/sec)
TUNIT INTBGER*2 unit number for CONST data
MENG INTEGER*2 number of engines
RBAR(25) REAL*4 mixture ratio
TAUT (25) REAL*4 transport lag (sec)
THETAC(25) REAL*4 characteristic time constant (sec)
VARI CHAR*24 name of OONST data file
Iocal Variables
ANS CHAR*1 response to question
I INTEGER*2 pointer
II INTEGER*2 do loop index
J INTEGER*2 do loop index
NAME CHAR*8 name of variable to be modified
VALUE REAL*4 value of variable to be modified
VARL(5) CHAR*8 array of names (lower case)
VARU(5) CHAR*8 array of names (upper case)

SUBROUTINE MODENG
Modifies engine parameters

Commons EPARAM
Variables in Argument List

TUNIT INTEGER*2 unit number of engine data file
NAMENG CHAR*24 name of engine data file

Iocal Variables
ANS CHAR*1 response to question
I INTEGER*2 pointer
II INTEGER*2 do loop index
J INTEGER*2 do loop index
NAME CHAR*8 name of variable to be modified
VALUE REAL*4 value of variable to be modified
VARL(3) CHAR*8 array of names (lower case)

VARU(3) CHAR*8 array of names (upper case)
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SUBROUTINE MODIFY
Allows modifications to input data

Commons EPARAM TANK

A(25)

AREA (75, 25)

AVGK(25)
QAN (25)
CTANK (25)
DENS (25)
DIA(75,25)
TENG (25)
TTANK(25)
TUNIT
KMAN (25)
KTANK (25)
L(75,25)
LFLOW(25)
LOPEND (25)
LOPOLD(25)
MLINE
NOLINE (25)

PCAP (7S5, 25)
PIND(7S,25)
PIPE1(75,25)
PIPE2(75,25)
PIPE3(75,25)
PIPEA (75, 25)
PIPES(75,25)
SECTN (75, 25)

SHGMN (25)
SPLIT(25)
TITL
VOL(25)
VOLMF (25)

ANS

WCAOUT

Variables in Argument List

REAL*4
REAL*4
REAL*4
REAL*4
REAT *4
REAL*4
REAL*4
INTEGER*2
INTEGER*2
INTEGER*2
REAL*4
REAL*4
REAL*4
REAL*4
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
REAL*4
REAL *4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
INTEGER*2
INTBGER*2
REAL*4
CHAR*20
REAL*4
REAL*4

speed of sound in the fluid (ft/sec)
area of pipe section (ft"2)

average bulk modulus

manifold capacitance

tank capacitance

density of fluid (llm/ft"3)

diameter of pipe section (ft)

engine number

tank number

unit number of fuel or lox file
bulk modulus of manifold (lbf/ft"2)
bulk modulus of tank (1bf/ft"2)
length of pipe section (ft)

flow rate through pipe (lkm/sec)
maximm number of iterations for split pipe
previous maximm number of iterations
mmber of lines from tank

number of identical lines
capacitance of plpe section
inductance of pipe section

first parameter of plpe description
second parameter of plpe description
third parameter of plpe description
fourth parameter of plpe description
fifth parameter of pipe description
pipe section type

number of p1pe sections

number of unique lines from pipe split
title from input file

volume of tank (ft°3)

volume of manifold (ft°3)

Local Variables

CHAR*1

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
REAL*4

response to question
pointer

do loop index

do loop index
pointer to current segment
do loop index
intermediate variable
current tank number
do loop index

do loop index

do loop index
pointer, fuel or lox
type of segment

- 5] -



SUBROUTINE MODTAN
Modifies tank parameters

A(25)
CTANK (25)
DENS (25)
KTANK (25)
LFLOW (25)
MTANK
VOL(25)

ANS
GRAV

I

1T

J

NAME
VALUE
VARL (4)
VARU(4)

Variables in Argument List

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
INTEGER*2
REAL*4

speed of sound in the fluid (ft/sec)
tank capacitance

density of fluid (lbm/ft"3)

bulk modulus of tank (lbf/ft"2)
flow rate through pipe (llhm/sec)
mmber of tanks

volume of tank (ft”3)

1ocal Variables

CHAR*1
REAL*4
INTEGER*2
INTEGER*2
INTEGER*2
CHAR*8
REAL*4
CHAR*8
CHAR*8

SUBROUTINE NYQUIS
Camputes the K()'s

Commons EPARAM FACTOR SETUP
Variables in Argument List

CSTAR(25)
DCDR(25)
GF(25)

GOX (25)
IFUEL
10X

RBAR (25)

S

TAUT (25)
THETAC (25)

I

J

K
KG1(25)
KG2

KG3
K1C(25)
K2C(25)
K3C(25)
K4C(25)
K1R(25)
K2R(25)
K3R(25)
K4R(25)

REAL*4
REAL*4
COMPLEX*8
COMPLEX*8
INTBEGER*2
INTBEGER*2
REAL*4
OCOMPLEX*8
REAL*4
REAL*4

response to question

gravitational constant (Lom-ft/1bf-sec™2)
pointer

do loop index

do loop index

name of variable to be modified

value of variable to be modified

array of names (lower case)

array of names (upper case)

characteristic rocket velocity (ft/sec)
change in velocity with mixture ratio (ft/sec)
admittance of fuel line looking toward tank
admittance of lox line locking toward tank
flag indicating presence of fuel line

flag indicating presence of lox line

mixture ratio

complex frequency

transport lag (sec)

characteristic time constant (sec)

I1ocal Variables

INTBGER*2
INTBEGER*2
INTEGER*2
COMPLEX*8
COMPLEX*8
COMPLEX*8
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAT*4
REAL*4
REAL*4

do loop index

do loop index

current engine number
K(3w)

K(jw,GOX)

K(jw,GF)

complex part of K(jw)
complex part of K(jw,GOX)
complex part of K(jw,GF)
complex part of K(jw,GOX,GF)
real part of K(jw)

real part of K(jw,GOX)
real part of K(jw,GF)
real part of K(jw,GOX,GF)
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L

INTEGER*2

SUBROUTINE RLINE

Reads fuel or lox file.

Commons EPARAM  TANK
Variables in Argument List

pointer

A(25) REAL*4 speed of sound in the fluid (ft/sec)
AREA (75,25) REAL*4 area of pipe section (ft"2)
AVGK(25) REAL*4 average bulk modulus
QAN (25) REAL*4 manifold capacitance
CTANK (25) REAL*4 tank capacitance
DENS(25) REAL*4 density of fluid (llm/ft"3)
DIA(75,25) REAL*4 diameter of pipe section (ft)
TENG(25) INTEGER*2 engine number
ITANK(25) INTEGER*2 tank number
TUNIT INTEGER*2 unit number of fuel or lox file
KMAN (25) REAL*4 bulk modulus of manifold (lbf/ft"2)
KTANK (25) REAL*4 bulk modulus of tank (1lbf/ft"2)
L(75,25) REAL*4 length of pipe section (ft)
LFLOW(25) REAL*4 flow rate through pipe (1llm/sec)
LOPEND(25) INTEGER*2 maximum number of iterations for split pipe
1OPOLD(25) INTEGER*2 previous maximm mumber of iterations
MLINE INTEGER*2 number of lines from tank
NOLINE(25) INTEGER*2 number of identical lines
PCAP(75,25) REAT *4 capacitance of plpe section
PIND(75,25) REAL*4 inductance of pipe section
PIPE1(75,25) REAL*4 first parameter of p1pe description
PIPE2(75,25) REAL*4 second parameter of plpe description
PIPE3(75,25) REAL*4 third parameter of plpe description
PIPEA (75,25) REAL*4 fourth parameter of plpe description
PIPES (75, 25) REAL*4 fifth parameter of pipe description
SECIN(75,25) INTEGER*2 pipe section type
SEGMN (25) INTEGER*2 number of plpe sections
SPLIT(25) REAL*4 number of unique lines from pipe split
TITL CHAR*20 title from input file
VOL(25) REAL*4 volume of tank (ft°3)
VOLMF (25) REAL*4 volume of manifold (ft°3)

Local Variables
ANS CHAR*1 response to question
DIVAVG REAL*4 intermediate variable
I INTEGER*2 do loop index
IE INTEGER*2 current engine number
IT INTEGER*2 current tank number
J INTEGER*2 do loop index
M INTEGER*2 pointer
MM INTEGER*2 do loop index

SUBROUTINE RTYPE
Stores values for different types of piping

- 53 -



Variables in Argument List

ARFA REAL*4 area of pipe section (ft°2)
AVGK REAL*4 average bulk modulus
QAN REAL*4 manifold capacitance
DENS REAL*4 density of fluid (lkm/ft"3)
DIA REAL*4 diameter of pipe section (ft)
KMAN REAL*4 bulk modulus of manifold (lbf/ft"2)
L REAL*4 length of pipe section (ft)
PCAP REAL*4 capacitance of p1pe section
PIND REAL*4 inductance of pipe section
PIPE1l REAL*4 first parameter of p1pe description
PIPE2 REAT *4 second parameter of plpe description
PIPE3 REAL*4 third parameter of p1pe description
PIPE4 REAL*4 fourth parameter of p1pe description
PIPES REAL*4 fifth parameter of pipe description
SECTN INTEGER*2 pipe section type
VOLMF REAL*4 volume of manifold (ft~°3)

Local Variables
AREAB REAL*4 area of pipe
DIME REAL*4 diameter of pipe
GRAV REAL*4 gravitational constant (lkm-ft/lbf-sec”2)
PI REAL*4 mathematical constant
VALUE REAL*4 length of pipe

SUBROUTINE STSECT
Computes plot coordinates for a straight section

Commons PIPPXY
Variables in Argument List

DIA REAL*4 diameter of segment (ft)
ITYPE (200) INTEGER*2 type plot element

J INTEGER*2 pointer to element

LEN REAL*4 length of segment (ft)
POINT(8,200) REAL*4 description of plot element

SUBROUTINE TANKNO
Reads tank parameters

Variables in Argument List

A(25) REAL*4 speed of sound in the fluid (ft/sec)
CTANK(25) REAL*4 tank capacitance
DENS (25) REAL*4 density of fluid (lm/ft"3)
TUNIT INTEGER*2 unit number of fuel or lox file
KTANK (25) REAL*4 bulk modulus of tank (lbf/ft"2)
LFLOW(25) REAL*4 flow rate through pipe (1lkm/sec)
MTANK INTBGER*2 number of tanks
VOL(25) REAL*4 volume of tank (ft~3)

Iocal Variables
GRAV REAL*4 gravitational constant (llm-ft/lbf-sec”2)
I INTEGER*2 do loop index
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SUBROUTINE TSSECT
Computes plot coordinates for a tuned stub

Commons PIPPXY

DIA
ITYPE(200)
J

LEN

POINT(8,200)

DIAM

Variables in Argument List

REAL*4
INTBGER*2
INTBGER*2
REAL*4
REAL*4

diameter of tuned stub (ft)

type plot element

pointer to element

length of tuned stub
description of plot element

Iocal Variables

REAL*4

SUBROUTINE ZREAD
Reads input for input modification

NAME (8)
VALUE

BIK
CARD (80)
CEND(3)
COMMA
CTIT(5)
DCARD

E

FRACT

I
ICOUNT
pin

I

J

JJ

LE
LEND(3)
LTTT(5)
MINUS
NUMBER (10)
PERIOD
PLUS
POUND
QUEST
SIGN
WHOLE

intermediate variable

Variables in Argument List

CHAR*1
REAL*4

name of input variable
value of input variable

Iocal Variables

CHAR*1
CHAR*1
CHAR*1
CHAR*1
CHAR*1
CHAR*80
CHAR*1
REAL*4
INTBGER*2
INTBEGER*2
INTBGER*2
INTEGER*2
INTBGER*2
INTBEGER*2
CHAR*]
CHAR*1
CHAR*1
CHAR*1
CHAR*1
CHAR*1
CHAR*1
CHAR*1
CHAR*1
REAL*4
REAL*4

"t

card image

'EI'IN|'|D|

[ |

lli‘l ' III ' ITI ' lLI ’ !El

card image

IEI

fractional part of mumber
do loop index

position counter
position counter
position counter

do loop index

position counter

le'

|e|,lnl’ld|

Itl' lil' ltI’ |1l’ le'

[ |
'O','l','2','3','4','5','6','7','8','9'
LI |

|+'

l#l

l?i

sign of number or exponent
whole part of number
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7.0 Program Listing

PROGRAM NYQUIST 03-24-92

Program to calculate values for a Nyguist plot using no fuel or
lox lines, fuel line only, lox line only, or fuel and lox lines

This program will handle the following type elements
Straight pipes
Bends

Inline accumilators
Tuned stub accumlators
Helmholtz resonators
Parallel resonators
Pumps

Split pipes

Multiple tarks
Multiple engines

e XeRe o oo Nr e ReNe Ko Koo e No Ne No NO NS

:

INCLUDE 'FGRAPH.FI'
INCLUDE 'FGRAPH.FD'
COMMON /NOCOL/NCOLS,, NMODE
INTEGER*2 NCOLS, NMODE
INTEGER*2 IHR, IMIN, ISPC,I100,IYR,IMON,IDAY
CHARACTER*2 AM,FM,AP
OOMMON /EPARAM/MENG, TFLOW (25) , PCHMB(25) , DPROR(25) , PMRAT (25)
INTEGER SBEQNF (25) , SECINF(75,25) ,NOLINF (25) , IENGF (25) , TTANKF (25) ,
* LOPOLF (25) , LOPENF (25)
REAL, KMBNF (25) , KTANKF (25) , LFLOWF (25) , LF (75, 25)
COMMON /FPARAM/MLINEF, SPLITF (25) ,AF (25) ,QMANF (25) , CTANKF (25) ,
DENSF(25) , KMANF, KTANKF , LFLOWF , VOLF (25) , VOLMFF (25) ,
AREAF (75, 25) ,DIAF(75,25) ,LF, PINDF (75, 25) ,
PCAPF (75, 25) , AVGKF (25) ,
SEGMNF, SECTNF, NOLINF, IENGF , ITANKF , LOPOLF , LOPENF
INTEGER SEGMNO(25) ,SECTNO(75,25) ,NOLINO(25) , IENGO(25) , TTANKO(25) ,
* LOPOLO(25) , LOPENO(25)
REAL KMANO(25) ,KTANKO(25) , LFLOWO(25) ,10(75,25)
COMMON /OPARAM/MLINEO, SPLITO(25) , A0(25) ,CMANO(25) , CTANKO(25) ,
DENSO(25) , KMANO, KTANKO , LFLOWO, VOLO(25) , VOLMFO(25) ,
AREAO(75,25) ,DIAO(75,25) ,LO, PINDO(75,25) ,
PCAPO(75,25) ,AVGKO (25) ,
SEGMNO, SECTNO, NOLINO, TENGO, ITANKO, LOPOLO, LOPENO
COMPLEX S,GF(25),G0X(25)
REAL K1R(1001),K2R(1001),K3R(1001),K1C(1001),K2C(1001) ,K3C(1001)
REAI, K4R(1001),K4C(1001) ,KW(1001)
COMMON /WORK1/K1R,K1C, K2R, K2C,K3R, K3C,K4R, K4C, DUMMY1 (3392)
REAL LFREQ,TAUT (25),CSTAR(25) ,RBAR(25) ,THETAC(25) ,DCDR(25)
INTEGER PTS
CHARACTER*1 ANS

* ¥ % *

* % * *
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CHARACTER*2 ANS1

BEQUIVALENCE (ANS,ANS1(1:1))

CHARACTER*24 NAMLIN(2) ,NAMENG

CHARACTER*40 TITLE

CHARACTER*20 TITLF

CHARACTER*24 VARI

COMMON /WCATIT/TTITLE, TITLF, THR, IMIN, AP, IYR, IMON, IDAY
COMMON /WCAOUT /NAMLIN

COMMON /FACTOR/SFAC

INTEGER SEGMN, SECTN (150)

COMMON /SETUP/PIPE1(150) , PIPE2 (150) ,PIPE3 (150) , PIPE4 (150),

* NENGF (25) ,NTANKF (25) , NLINEF (25) ,NSPF (25) , ILINEF,
* NENGO(25) , NTANKO (25) , NLINEO (25) ,NSPO(25) , ILINEO,
* SEGMN, SECTN

DATA AM/'AM'/,PM/'PM'/
1 FORMAT(A20,1X,I2.2,':',12.2,A2,4X,12.2,'-',12.2,'-"',12.2)
OPEN (17 , FORM="'UNFORMATTED")
OPEN (UNIT=14 , FTLE="'NYQ.OUT")
CALL GETTIM(IHR,IMIN,ISEC,I100)
CALL GETDAT (IYR,IMON,IDAY)
TYR=IYR-1900
CALL CLEARSCREEN (0)
WRITE(*, ' (10X,A) ')
* !

WRITE(*, ' (10X,A) ')
*x?
IF(IHR.LT.12) THEN
WRITE(*, ' (10X,A) ")

x| Good Morning and Welcome to NYQUIST!!
AP=AM

ELSE
WRITE(*, ' (10X,3) ')

*1| Good Afternoon and Welcome to NYQUIST!!
AP=PM
IF(JHR.GT.12) THR=IHR-12

ENDIF

WRITE(*, ' (10X,A)")
*1

WRITE(*, ' (10X,A)"')

*!| Program NYQUIST provides stability predictions
WRITE(*, ' (10X,A)"')
*1 of feedline systems

WRITE(*, ' (10X,A) ")

*!

WRITE(*,'(10X,A)")

*1 To send a plot to the printer
WRITE(*,'(10X,A)")

%* 1

WRITE(*,'(10X,3)')

*1| The computer MUST be in GRAPHICS mode
WRITE(*, ' (10X,A)"')

* !

WRITE(*,'(10X,A)"')
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x| Hit PrScn to send the current plot to the printer

WRITE(*,'(10X,A)"')
*!

WRITE(*, ' (10X,A)')

21

*'ll

WRITE(*,*)' '
SFAC=1.0
WRITE(*,'(A)')' If you want frequency in rad/sec, hit enter.'
WRITE(*,'(A\)')' If you want it in Hertz, enter "H". '
READ(*, ' (A) ')ANS
IF(ANS.EQ. 'H' .OR.ANS.EQ. 'h') SFAC=6.283185
CONTINUE
WRITE(*, ' (A\)')' Do you have FUEL data? '
READ(*, ' () ')ANS
IF(ANS .EQ.'N' .OR. ANS .EQ. 'n') THEN
IFUEL~1
ELSE
IFUEL~O
ENDIF
WRITE(*, ' (A\)') ' Do you have LOX data? '
READ(*, ' () ')ANS
IF(ANS .EQ.'N' .CR. ANS .BQ. 'n') THEN
T10X=1
ELSE
T1.0X=
ENDIF
IF(IFUEL.EQ.0.0R.II.DX.EQ.O) THEN
WRITE(*,' (A\)')' Is the engine data on file ENG.RIN? (Y/N) '
READ(*, ' (A) ')ANS
IF(ANS.NE.'N' .AND.ANS.NE.'n') THEN
NAMENG="'ENG.RIN'
ELSE
WRITE(*,'(A\)')' Enter name of file with the engine data '
READ(*, ' (A) ') NAMENG
ENDIF
OPEN(UNIT=9,FILE=NAMENG)
JUNIT=S
CALL ENGNO(JUNIT)
ELSE
MENG=1
ENDIF
IF(IFUEL.BEQ.0) THEN
IGONE=2
CALL FU'EIL(S,GF,ll,lG,IGONE)
ENDIF
IF(ITLOX.BQ.0) THEN
IGONE=2
CALL 1OX(S,GOX,10,15,IGONE)
ENDIF
IGONE=O0
WRITE(*,*)' Are the following variables in a file? (Y/N) '
WRITE(*,*)' '
WRITE(*,*) ' VARIABLES !
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22

23

24

WRITE(*,*)' TRANSPORT LAG'
WRITE (*,*) ' CHARACTERISTIC ROCKET VELOCTTY'
WRITE(*,*) ' MIXTURE RATIO '
WRITE(*,*) ' CHARACTERISTIC TIME CONSTANT '

WRITE(*,*)' CHANGE IN VELOCITY WITH MIXTURE RATIO !
WRITE(*,*)' !

READ(*, ' (A) ') ANS
IF(ANS .EQ. 'N' .OR. ANS .EQ. 'n') THEN

WRITE(*,*) ' File BUFFY.DOG will be created '
OPEN(UNIT=12,FILE='BUFFY.DOG')
='BUFFY.DOG'

WRITE(*,*) 'Enter values for VARIABLES as listed above.'
DO 24 I=1,MENG
CONTINUE
WRITE(*,'('' for engine #'',I2)')I
READ (*, *, ERR=23) TAUT (I) , CSTAR(I) ,RBAR(I) , THETAC(I) ,DCDR(I)
WRITE(12, ' (1PSE15.5) ') TAUT(I) ,CSTAR(I) ,RBAR(I) , THETAC(I) ,DCDR(I)
GO TO 24
CONTINUE
WRITE(*,*)' Enter numeric values only. Please try again !!!
GO TO 22
CONTINUE
EILSE
WRITE(*,'(A\)')' Is the name of the file CONST.RIN? (¥/N) '
READ(*, ' (A) ')ANS
IF(ANS.EQ. 'N'.OR.ANS.EQ.'n') THEN
WRITE(*,'(A\)')' Enter name of file with VARIABLES data '
READ(*, ' (A) ') VART
EISE
VART='CONST.RIN'
ENDIF
OPEN (UNIT=12, FTLE=VARI)
DO 25 I=1,MENG
READ (12, *) TAUT(I) ,CSTAR(I) ,RBAR(I) ,THETAC(I) ,DCDR(I)

25 CONTINUE

26

27

28

ENDIF
CONTINUE

WRITE(*,*) ' Enter 20 character title'

READ(*,' () ')TITLF

WRITE(TITLE, 1) TITLF, IHR, IMIN, AP, IMON, IDAY, IYR

CQONTINUE

REWIND 17

CONTINUE

IF(SFAC.EQ.1.0) THEN

WRITE(*,*)' Enter range of fregquencies in rad/sec '
ELSE

WRITE(*,*)' Enter range of frequencies in Hertz '
ENDIF

WRITE(*,*)' Low freq, high freq, #pts'
WRITE(*,*)' 1001 = Maximum number of points'
READ (*, * , ERR=29) LFREQ, HFREQ, PTS

IF(LFRPQ.LE.0.0) LFRBEQ=1.0E-5

IF(PTS.LE.1) GO TO 49
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GO TO 30
29 CONTINUE
WRITE(*,*)' Enter numeric values only. Please try again !!'
GO TO 28
30 CONTINUE
NPTS=PTS/3
IF(NPTS.GT.1) THEN
SSIZE1=0.1* (HFREQ-LFREQ) / (NPTS-1)
SSIZE2=0.3* (HFREQ-LFREQ) /NPTS
IF(3*NPTS.EQ.PTS) THEN
SSIZE3=0. 6* (HFREQ-LFREQ) /NPTS
ELSEIF (3*NPTS.BEQ.PTS-1) THEN
SSIZE3=0.6* (HFREQ-LFRER) / (NPTS+1)
ELSEIF (3*NPTS.BQ.PTS-2) THEN
SSIZE3=0.6* (HFREQ-LFRER) / (NPTS+2)
ENDIF
ELSE
SSIZE1=(HFREQ-LFRER) / (PTS-1)
NPTS=PTS
ENDIF
IF(IFUEL.EQ.0.CR.IIOX.EQ.0) THEN
IF(IFUEL.NE.O) THEN
CALL LPLOT (ILOX)
ELSEIF(IIOX.NE.0) THEN
CALL FPLOT (ILOX)
ELSE
CALL FLPLOT (I1OX)
ENDIF
ENDIF
WRITE(*,*)' Please wait while computations proceed. '
W=LFREQ
WRITE(14, ' (1X,A/) ') TITLE
IF (IFUEL.NE.O.AND.IIOX.NE.O)
* WRITE(14,'(/4X,''FREQ.'',7X, "'K1(R) "', 7X, "'K1(I)'")")
IF (IFUEL.FQ.0.AND.TLOX.NE.O) WRITE(14,'(/4X,''FREQ.'',7X,
* "WK1(R)'',7X, V'K1(I)''SX, ' 'ENG. 1' 4%, '"'K3(R) vro7X, VYK3(1) VIR
IF (IFUEL.NE.0.AND.IIOX.BQ.0) WRITE(14,'(/4X,''FREQ.'',7X,
* '"'K1(R)'',7X, 1IK1(I)''SX, ' 'ENG. v 4%, ''K2(R) 17X, V'K2(T) AR
IF(IFUEL.EQ.0.AND.IIOX.BQ.0) THEN
WRITE(14,'(/4X,''FREQ.'',7X, ''KI(R)'',7X, "'"K1(I)'") ")
WRITE(14, ' (5X, ''ENG.'',2X,''K2(R) ', 7X, " 'K2(I) ', 7X, " '"K3(R) "', 7X,
* "K3(I)",7X,"K4(R)",7X,"K4(I)"/)')
ENDIF
DO 31 ¥K=1,PTS
IF(K.LE.NPTS) THEN
IF(K.GT.1) W=W+SSIZEl
ELSEIF(K.GT.2*NPTS) THEN
W=W+SSIZE3
EISE
W=W+SSIZE2
ENDIF
IF(K.BQ.PTS) THEN
W=HFREQ
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ENDIF
KW (K) =W
S=CMPLX (0.0, SFAC*W)
IF(IFUEL.BQ.0) CALL FUEL(S,GF,11,16,IGONE)
IF(ILOX.BQ.0) CALL LOX(S,GOX,10,15,IGONE)
CALIL NYQUIS(GF,GOX,S,TAUT,CSTAR, RBAR, DCDR, THETAC, IFUEL, TLOX)
31 CONTINUE

32 CONTINUE
WRITE(*,*)' Enter graph selection '
WRITE(*,*)' '
WRITE(*,*) "' 1 Nyquist plot independent of fuel or lox. !
IF(I1O0X.EQ.0)

* WRITE(*,*)' 2 Nyquist plot independent of fuel.'
IF (IFUEL.EQ.0)

* WRITE(*,*)' 3 Nyguist plot independent of lox.'

IF (IIOX.EQ.0.AND. IFUEL. EQ.0)

* WRITE(*,*)' 4 Nyguist plot with fuel and lox.'
WRITE(*,*)' 5 Phase-Gain plot independent of fuel or lox.
IF (I10X.EQ.0)

* WRITE(*,*)"' 6 Phase-Gain plot independent of fuel.'
IF (IFUEL.EQ.0)

* WRITE(*,*)' 7 Phase-Gain plot independent of lox.'
IF(IIDX.EQ.O.AND.IFUEL.EQ.O)

* WRITE(*,*)' 8 Phase-Gain plot with fuel and lox.'
WRITE(*,*)' 9 End plots.'

WRITE(*,*)' '

ANS1(2:2)=' !

READ(*, ' (A) ')ANS1
IF(ANS.EQ.'9') GO TO 49
IF(ANS1(2:2).NE.' '.OR.ANS.HEQ. '0') THEN

WRITE(*,*)' Number must be between 1 and 9, TRY AGAIN'
GO TO 32

ENDIF

IF(TLOX.FQ.1) THEN

IF(ANS.BQ.'2'.OR.ANS.EQ. '4' .OR.ANS.EQ.'6' .OR.ANS.EQ.'8') THEN

WRITE(*,*)' No LOX file, do not use 2,4,6,8'
GO TO 32

ENDIF

ENDIF

IF(IFUEL.BQ.1) THEN

IF(ANS.EQ. '3'.OR.ANS.EQ. '4"' .OR.ANS.GE.'7') THEN
WRITE(*,*)' No FUEL file, do not use 3,4,7,8'
GO TO 32

ENDIF

ENDIF

CALL GETTIM(IHR,IMIN, ISEC,I100)

CALL GETDAT(IYR,IMON,IDAY)

IYR=IYR-1900

IF(IHR.LT.12) THEN

AP=AM

ELSE

AP=PM

IF(IHR.GT.12) IHR=IHR-12
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ENDIF
IF(ANS.EQ.'1') THEN
K=1
CALL GETKS (PTS, K, 0,0,KIR,K2R,K3R,K4R,K1C,K2C,K3C, K4C)
CALL ALLPT(K1R,K1C,PTS,1,NTANKF (1) ,NTANKO(1),K)
ELSETIF (ANS.EQ. '2') THEN
IF(ILINFO.BQ.1) THEN
=1
ELSE
WRITE(*,*)' The following LOX lines are available'
WRITE(*,'(/'' Line # Tank # Engine #''/)")
DO 33 J=1,ILINEO
WRITE(*, ' (I5,110,I11) ')J,NTANKO(J) ,NENGO(J)
33 CONTINUE
34 CONTINUE
WRTTE(*,'(/'' Enter line # to be plotted ''\)')
READ(*,*)J
IF(J.LE.0.OR.J.GT.ILINEO) THEN
WRITE(*,*)' Line # invalid, try again’
GO TO 34
ENDIF
ENDIF
K=NENGO (J)
CALL GETKS (PTS,K,0,J,KIR,K2R, K3R, K4R, K1C, K2C,K3C, K4C)
CAIL ALLPT(K2R,K2C,PTS,2,NTANKF (1) ,NTANKO(J) ,K)
ELSETF (ANS.PQ. '3') THEN
IF(ILINEF.BQ.1) THEN
I=1
ELSE
WRITE(*,*)' The following FUEL lines are available'
WRITE(*,'(/'' Line # Tank # Engine #''/)"')
DO 35 I=1,ILINEF
WRITE(*, ' (I5,110,I11)')I,NTANKF(I) ,NENGF(I)
35 CONTINUE
36 CONTINUE
WRITE(*,'(/'' Enter line # to be plotted ''\)')
READ(*,*)I
IF(I.LE.0.OR.I.GT.ILINEF) THEN
WRITE(*,*)' Line # invalid, try again'
GO TO 36
ENDIF
ENDIF
K=NENGF(I)
CALL GEI'KS(P’I‘S,K,I,0,KlR,K2R,K3R,K4R,K1C,K2C,K3C,K4C)
CALL ALIPT(K3R,K3C,PTS,3,NTANKF(I) ,NTANKO (1) ,K)
ELSETIF (ANS.BQ. '4') THEN
IF(ILINEF.EQ.1) THEN
I=1
ELSE
WRITE(*,*)' The following FUEL lines are available'
WRITE(*,'(/'' Line # Tank # Engine #''/)')
DO 37 I=1,ILINEF
WRITE(*, ' (I5,110,I11)')I,NTANKF (I),NENGF (I)
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37
38

39

40

41
42

CONTINUE
CONTINUE
WRITE(*,'(/'' Enter line # to be plotted ''\)')
READ(*,*)1
IF(I.I_E.0.0R.I.G'I‘.ILDIEF) THEN
WRITE(*,*)' Line # invalid, try again'
GO TO 38
ENDIF
ENDIF
K=NENGF (I)
IF(ILINFO.EQ.0) THEN
J=1
ELSE
WRITE(*,*)' The following LOX lines are available'
WRITE(*,'(/'' Line # Tank # Engine #''/)")
NOXY=0
DO 39 J=1,ILINEO
IF (NENGO(J) .NE.K) GO TO 39
WRITE (*, ' (I5,110,I11) ')J,NTANKO(J) ,NENGO(J)
NOXY=NOXY+1
NOXYP=J
CONTINUE
IF(NOXY.EQ.1) THEN
J=NOXYP
ELSE
CONTINUE
WRITE(*,'(/'' Enter line # to be plotted ''\)')
READ(*,*)J
IF(J.LE.0.0R.J.GT.ILINED.OR.NENGO(J) .NE.K) THEN
WRITE(*,*)' Line # invalid, try again'
GO TO 40
ENDIF
ENDIF
ENDIF
CALL GEI‘KS(PI‘S,K,I,J,KlR,KZR,K3R,K4R,K1C,K2C,K3C,K4C)
IF(K.NE.O) CALL ALLPT(K4R,K4C,PTS,4,NTANKF (I) ,NTANKO(J) ,K)
ELSETIF (ANS.BQ. '5') THEN
=1
CALI GETKS(PTS,X,0,0,KIR, K2R, K3R, K4R, K1C, K2C, K3C,KAC)
CALL PNYQ(KJ.R,KlC,KW,PI‘S,l,NI‘ANKF(l) ,NTANKO(1) ,K)
ELSEIF(ANS.BQ.'6') THEN
IF(ILINEO.FQ.1) THEN
J=1
ELSE
WRITE(*,*)' The following LOX lines are available'
WRITE(*,'(/'' Line # Tank # Engine #''/)')
DO 41 J=1,ILINEO
WRITE (*, ' (I5,110,I11) ')J,NTANKO(J) ,NENGO(J)
CONTINUE
CONTINUE
WRITE(*,'(/'' Enter line # to be plotted ''\)')
READ (*, *)J
IF(J.LE.0.OR.J.GT.ILINEO) THEN
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43
44

45
46

WRITE(*,*)' Line # invalid, try again'
GO TO 42
ENDIF
ENDIF
K=NENGO (J)
CALL GETKS (PTS,K,0,J,KIR,K2R,K3R, K4R, K1C,K2C, K3C, K4C)
CALL PNYQ(K2R,K2C,KW,PTS, 2,NTANKF (1) ,NTANKO(J) ,K)
ELSETF (ANS.EQ.'7') THEN
IF(ILINEF.EQ.1) THEN
I=1
EISE
WRITE(*,*)' The following FUEL lines are available'
WRITE(*,'(/'' Line # Tank # Engine #''/)"'")
DO 43 I=1,ILINEF
WRITE(*, ' (I5,110,I11) ')I,NTANKF(I) ,NENGF(I)
CONTINUE
CONTINUE
WRITE(*,'(/'' Enter line # to be plotted ''\)’)
READ(*,*)I
IF(I.LE.0.OR.I.GT.ILINEF) THEN
WRITE(*,*)' Line # invalid, try again'
GO TO 44
ENDIF
ENDIF
K=NENGF(I)
CALL GETKS(PTS,K,I,0,KIR,K2R,K3R,K4R,K1C,K2C, K3C,K4C)
CALL PNYQ(K3R,K3C,KW, PTS, 3, NTANKF (I) ,NTANKO(1) ,K)
EISETF (ANS.EQ.'8') THEN
IF(ILINEF.BQ.1) THEN
I=1
ELSE
WRITE(*,*)' The following FUEL lines are available'
WRITE(*,'(/'' Line # Tank # Engine #''/)")
DO 45 I=1,ILINEF
WRITE(*, ' (1I5,I10,I11) ') I,NTANKF (I) ,NENGF(I)
CONTINUE
CONTINUE
WRITE(*,'(/'' Enter line # to be plotted ''\)')
READ(*,*) I
IF(I.LE.0.OR.I.GT.ILINEF) THEN
WRITE(*,*)' Line # invalid, try again'
GO TO 46
ENDIF
ENDIF
K=NENGF (I)
IF(ILINEO.BQ.1) THEN
J=1
ELSE
WRITE(*,*)' The following 10X lines are available'
WRITE(*,'(/'' Line # Tark # Engine #''/)")
NOXY=0
DO 47 J=1,ILINEO
IF (NENGO(J) .NE.K) GO TO 47
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47

48

49

50

WRITE(*, ' (I5,110,I11)')J,NTANKO(J) ,NENGO(J)
NOXY=NOXY+1
NOXYP=J
CONTINUE
IF(NOXY.PQ.1) THEN
J=NOXYP
ELSE
CONTINUE
WRITE(*,'(/'' Enter line # to be plotted ''\)')
READ(*,*)J
IF(J.LE.0.OR.J.GT. ILINEO.OR.NENGO(J) .NE.K) THEN
WRITE(*,*)' Line # invalid, try again'
GO TO 48
ENDIF
ENDIF
ENDIF
CALL GETKS(PTS,X,I,J,KIR,K2R,K3R,K4R,K1C, K2C, K3C,K4C)
IF(K.NE.OQ) CALL PNYQ(K4R,K4C,KW,P1‘S,4,NI‘AM<F(I) , NTANKO (J) ,K)
ENDIF

GO TO 32

CONTINUE

WRITE(*,*)' Enter E to exit,’

WRITE(*,*)' F to run new freguency range, '
WRITE(*,*)' C to run a new case, '
WRITE(*,'(A\)')"’ N to read new files. '

READ(*,'(A) ')ANS
IF(ANS.EQ. 'F'.OR.ANS.EQ. 'f')y GO TO 27
IF(ANS.EQ.'E'.OR.ANS.EQ.'e') SIOP
IF(ANS.EQ. 'C'.OR.ANS. . ‘c') THEN
IF(ILDX.EQ.0.0R.IFUEL.EQ.O) THEN
WRITE(*,'(A\)')' Do you wish to modify engine file.? !
READ(*, ' (A) ')ANS
IF(ANS.EQ.'Y'.OR.ANS.EQ.'y') THEN
CALL MODENG (JUNIT, NAMENG)
ELSE
WRITE(*,'(A\)} ") Do you wish to rewind engine file.? '
READ(*, ' (A) ')ANS
IF(ANS.EQ.'Y'.OR.ANS.EQ. 'y') REWIND JUNIT
CALL ENGNO(JUNIT)
ENDIF
ENDIF
WRITE(*,'(A\)")" Do you wish to modify OONST file.? '
READ(*, ' (A) ')ANS
IF(ANS.BQ.'Y'.OR.ANS.EQ.'y') THEN
CALL MODCON(lZ,VARI,MENG,TAUI‘,CSIAR,RBAR,'I‘!—IE]:AC,DG)R)
ELSE
WRITE(*,'(A\)')"' Do you wish to rewind CONST file.? '
READ(*, ' (A) ')ANS
IF(ANS.BQ.'Y'.OR.ANS.EQ.'y") REWIND 12
DO S0 I=1,MENG
READ (12, *) TAUT(I) ,CSTAR(I) ,RBAR(I) , THETAC(I) ,DCDR(I)
CONTINUE
ENDIF
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IF(IFUEL.BQ.0) THEN
JGONE-1
CALL FUEL(S,GF,11,16,IGONE)
ENDIF
IF(I1OX.EQ.0) THEN
IGONE=1
CALL 10X(S,G0X,10,15,IGONE)
ENDIF
TIGONE=0
GO TO 26
ENDIF
IF (ANS.BQ. 'N'.OR.ANS.EQ. 'n') THEN
IF(IFUEL.BQ.0) CLOSE(11)
IF(ILOX.EQ.0) CLOSE(10)
IF(IFUEL.EQ.0.OR.ILOX.BQ.0) CLOSE(9)
CIOSE(12)
IFUEL~1
TIOX=1
REWIND 17
GO TO 21
ENDIF
WRITE(*,*)' You did not enter E, F, C, or N. Try again.'
GO TO 49
END
SUBROUTINE ALIPI‘(WHOI.D,G-IOI.D,P’I‘S,ITYPE,I’I’F,I’IO,DIG)
Supervises Nyquist plot
INCLUDE 'FGRAPH.FD'
RECORD,/WXYCOOORD/ XY
RECORD/RCOOORD/S
INTEGER*2 DUMWIL
COMMON /NOCOL,/NCOLS , NMODE
REAL, WHOLD(1001) ,GHOLD(1001)
REAL#8 RMIN,RMAX, IMMIN, IMAX
REAL*8 X,Y
INTEGER PTS
CHARACTER*38 ENGINK
FORMAT (15X, ! ',17X)
FORMAT (7X, 'Eng. #',I2,3X,'LOX TANK #',12,8%)
FORMAT (7X, 'Eng. #',I2,3X,'FUEL TANK #',6I2,7X)

FORMAT ('Eng. #',I2,3X,'FUEL TANK #',I2,2X,'IOX TANK #',12)

CALL SETPLT
RMAX=WHOLD (1)
RMIN=WHOLD (1)

IMAX=GHOLD (1)

TMMIN=GHOLD(1)

DO 21 I=2,PTS

IF (WHOLD(I) .GT.RMAX) RMAX=WHOLD(I)
IF (WHOLD(I) .LT.RMIN) RMIN=WHOLD(I)
IF(GHOLD(I).GT.IMAX) IMAX=GHOLD(I)
IF(GHOLD(I) .LT.IMMIN) IMMIN=GHOLD(I)
CONTINUE

CALL LOWERW (RMIN,RMAX, IMAX, IMMIN)
CAII, NICEGRF (RMIN,RMAX, IMAX, IMMIN, ITYPE)
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IF(ITYPE.BQ.1) WRITE(ENGINK,1)
IF(ITYPE.EQ.2) WRITE (ENGINK, 2) ING, ITO
IF (ITYPE.EQ.3) WRITE (ENGINK, 3) ING, ITF
IF(ITYPE.FQ.4) WRITE(ENGINK,4)ING, ITF,ITO
IF(NMODE.EQ.6) THEN
CALL settextposition( 2, 1, s)
CALL OUTTEXT (ENGTNK)
ELSE
CALL settextposition( 2, 20, s)
CALL OUTTEXT (ENGTNK)
ENDIF
CALIL SETLINESTYLE(62268)
X=0.0
Y=IMMIN
CALL MOVETO W(X,Y,XY)
Y=TMAX
DUMWIL=LINETO W(X,Y)
¥=0.0
X=RMIN
CALL MOVETO W(X,Y,XY)
X=RVMAaX
DUMWIL=LINETO W(X,Y)
CALL, SETLINESTYLE(65535)
X=WHOLD (1)
Y=GHOLD(1)
CALL MOVETO W(X,Y,XY)
DO 22 I=2,PTIS
X=WHOLD(I)
Y=GHOLD (I)
DUMWIL=LINETO W(X,Y)
CONTINUE
CALIL, ENDPLT
RETURN
END
SUBROUTINE CURV(Al,A2)
Draws circular arc
INCLUDE 'FGRAPH.FD'
RECORD/WXYOOORD/ XY
INTEGER*2 DUMWIL
COMMON /ARCCON/XC, YC,RAD, ANG, ANGLE
REAL*8 XP,YP,Al,A2
ANG1=A1l
ANG2=A2
DTH=ANG2-ANG1
IF(DTH.LT.0.0) DTH=6.283185+DTH
N=57.29578*DTH
DA=DTH/ (N-1)
XP=XC+RAD*SIN (ANG1)
YP=YC-RAD*COS (ANG1)
CALL MOVETO W(XP,YP,XY)
DO 21 I=1,N-1
T=ANG1+I*DA
XP=XC+RAD*SIN(T)
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YP=YC-RAD*COS (T)

DUMWIL=LINETO W(XP,YP)

CONTINUE

RETURN

END

SUBROUTINE ENDPLT
Closes plot routines

INCIUDE ‘'FGRAPH.FD'

INTEGER*2 dummy

READ (*,%*) ! Wait for ENTER key to be pressed
dummy = setvideomode( $DEFAULTMODE )

RETURN

END

SUBROUTINE FLPLOT (ILOX)
Supervises plot of piping
COMMON /EPARAM/MENG, TFLOW(25) , PCHMB (25) , DPROR(25) , PMRAT (25)
INTBGER SEGMNF (25) , SECINF (75, 25) ,NOLINF (25) , IENGF (25) , TTANKF (25) ,
* 1OPOLF (25) , LOPENF(25)
REAL KMANF (25) , KTANKF (25) , LFLOWF (25) ,LF(75,25)
COMMON /FPARAM/MLINEF, SPLITF(25) ,AF (25) ,QMANF (25) , CTANKF (25) ,
DENSF (25) , KMANF, KTANKF , LFLOWF, VOLF (25) , VOLMFF (25) ,
ARFAF(75,25) ,DIAF(75,25) ,LF,PINDF(75,25),
PCAPF(75,25) ,AVGKF(25) ,
SMF,SECINF,NOLDIF,IB\IGF,TTAM(F,IDPOLF,IOPENF
COMMON /FOPIPE/PIPELF(75,25) ,PIPE2F(75,25) ,PIPE3F(75,25),
* PIPEAF(75,25) ,PIPESF(75,25)
INTEGER SEGMNO(25) ,SECINO(75,25) ,NOLINO(25) , IENGO(25) , ITTANKO(25) ,
* LOPOLO(25) , LOPENO(25)
REAL KMANO(25) ,KTANKO(25) , LFLOWO(25) ,1O(75,25)
COMMON /OPARAM/MLINEO, SPLITO(25) ,AO(25) , QMANO(25) , CTANKO(25) ,
DENSO (25) , KMANO, KTANKO, LFLOWO, VOLO(25) , VOLMFO(25) ,
ARFAO(75,25) ,DIAO(75,25) ,10, PINDO(75,25) ,
PCAPO(75, 25) ,AVGKO(25) ,
SEGMNO, SECTNO, NOLINO, IENGO , TTANKO, LOPOLO , LOPENO
INTBGER SEGMN, SECIN(150) ,
COMMON /SETUP/PIPE1(150) ,PIPE2(150) ,PIPE3 (150) , PIPE4(150),
* NENGF(25) , NTANKF (25) , NLINEF (25) ,NSPF (25) , ILINEF,
* NENGO(25) ,NTANKO(25) ,NLINEO(25) ,NSPO(25) , ILINEO,
* SEGMN, SECTN
ILINEF=0
IPF=1
DO 22 I=1,MLINEF
IF(SPLITF(I).BQ.0.0) THEN
TLINEF=ILINEF+1
NENGF ( TLINEF) =IENGF ( IPF)
NTANKF ( ILINEF) =ITANKF (I)
NLINEF (ILINEF)=IPF
NSPF (ILINEF)=IPF
ELSE
DO 21 J=IPF+1,IPF+SPLITF(I)
ILINEF=ILINEF+1
NENGF ( ILINEF) =IENGF (J)
NTANKF (ILINEF)=ITANKF (I)

* ¥ * *

* % % %
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NLINEF (ILINEF)=IPF
NSPF (ILINEF)=J
21 CONTINUE
ENDIF
TPF=IPF+SPLITF(I)+1
22 CONTINUE
TLINEO=0
IPO=1
DO 24 I=1,MLINEO
IF(SPLITO(I).BQ.0.0) THEN
ILINEO=TLINEO+1
NENGO ( ILINEO) =IENGO (IPO)
NTANKO ( TLINEO) =ITANKO (I)
NLINEO ( ILINEQO) =IPO
NSPO (ILINEO) =IFO
ELSE
DO 23 J=IPO+1,IPO+SPLITO(I)
ILINBEO=ILINBEO+1
NENGO ( ILINEO) =TENGO (J)
NTANKO ( ILINBO) =ITANKO(I)
NLINEO (ILINEO)=IPO
NSPO (ILINEO)=J
23 OONTINUE
ENDIF
TPO=TPO+SPLITO(I)+1
24 CONTINUE
25 CONTINUE
IF(ILINEF.EQ.1) THEN
IPLOTF=1
ELSE
WRITE(*,*)' The following FUEL lines may be plotted'
WRITE(*,'(/'' Line # Tank # Engine #''/)"')
DO 26 I=1,ILINEF
WRITE(*,'(I5,I10,I11) ') I, NTANKF (I) ,NENGF (I)
26 CONTINUE
27 CONTINUE
WRITE(*,'(/'' Enter line # to be plotted, 0 will end plot ''\)")
READ (*, *) IPLOTF
IF(IPLOTF.LE.O0) RETURN
IF (IPLOTF.GT.ILINEF) THEN
WRITE(*,*)' You did not enter a valid line #. Try again'
GO TO 27
ENDIF
ENDIF
K=NENGF (IPLOTF)
IF(ILINEO.EQ.1) THEN
IPLOTO=1
ELSE
WRITE(*,*)' The following LOX lines may be plotted'
WRITE(*,'(/'' Line # Tank # Engine #''/)")
NOXY=0
DO 28 I=1,ILINEO
IF (NENGO(I) .NE.K) GO TO 28
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WRITE(*, ' (I5,T10,I11)')I,NTANKO(I) ,NENGO(I)
NOXY=NOXY+1
NOXYP=1
28 CONTINUE
IF(NOXY.EQ.1) THEN
IPLOTO=NOXYP
ELSE
29 CONTINUE
WRITE(*,'(/'' Enter line # to be plotted, 0 will end plot ''\)")
READ(*, *) IPLOTO
IF(IPLOTO.LE.O0) RETURN
IF(IPUOﬁDJ?T.ILINE0.0R.NENGO(IPIOEO).NE.K) THEN
WRITE(*,*)' You did not enter a valid line #. Try again'
GO TO 29
ENDIF
ENDIF
ENDIF
CALL SETPLT
J=NSPF (IPLOTF)
T=NLINEF (IPLOTF)
K=0
SEGMN=0
SEEMN=SEGMN-+SBEGMNF (I)
REWIND 16
READ(lG)PIPElF,PIPE2F,PIPE3F,PIPE4F,PIPE5F
DO 30 1=1,SEGMNF(I)
K=K+1
SECIN (K) =SECINF (L, I)
PIPE1 (K)=PIPE1F(L,I)
PIPE2 (K)=PIPE2F(L,I)
PIPE3 (K)=PIPE3F(L,I)
PIPE4 (K)=PIPE4F(L,I)
30 CONTINUE
IF(I.NE.J) THEN
SECMN=SEGIN+SEGMNF (J)
DO 31 L~=1,SBEGNF(J)
K=K+1
SECTN (K) =SECINF (L, J)
PIPE1 (K)=PIPE1F(L,J)
PIPE2 (K)=PIPE2F(L,J)
PIPE3 (K)=PIPE3F(L,J)
PIPEA (K) =PIPE4F (L, J)

31 CONTINUE
ENDIF
CAIL PIPPLOT(SEGMN,SECIN,PIPEl,PIPE2,PIPE3,PIPE4, ILOX,
* NTANKF (IPLOTF) ,NENGF (IPLOTF) , 'A')
J=NSPO (IPLOTO)
T=NLINEO (IPLOTO)
K=0
SEGMN=0
SPGMN=SEGMN+SBGMNO (I)
REWIND 15

READ (15) PIPELF, PTPE2F, PIPE3F, PIPE4F, PIPESF
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DO 32 L~1,SEGMNO(I)
K=K+1
SECTN (K) =SECTNO(L, I)
PIPE1 (K)=PIPEIF(L,I)
PIPE2 (K)=PIPE2F(L,I)
PIPE3 (K)=PIPE3F(L,I)
PIPEA4 (K)=PIPEAF(L, I)
32 CONTINUE
IF(I.NE.J) THEN
SEGMN=SEGMN+SBEGMNO (J)
DO 33 I=1,SBGMNO(J)
K=K+1
SBCTN (K) =SECTNO (L, J)
PIPEl (K)=PIPE1F(L,J)
PIPE2 (K)=PIPE2F (L, J)
PIPE3 (K)=PIPE3F(L,J)
PIPE4 (K) =PIPE4F(L,J)

33 CONTINUE
ENDIF :
CALL PIPPLOT (SEGMN,SECIN,PIPE1,PIPE2,PIPE3, PIPE4, I1OX,
* NTANKO (IPLOTO) , NENGO (IPLOTO) , 'B')
TF (ILINEF. EQ.1.AND. ILINEO.EQ.1) RETURN
GO TO 25
END

LOGICAL FUNCTION fourcolors()
Determines type of graphics monitor
INCIUDE 'FGRAPH.FD'

INTEGER*2 cduramy
RECORD /videoconfig/ screen
COMMON screen

CALL getvideoconfig( screen )
SELBECT CASE( screen.adapter )
CASE( $OGA, $OCGA )
dunmy = setvideomode( $MRES4COLCR )
CASE( $EGA, $OEGA )
dumy = setvideomode( $ERESCOLCR )
CASE( $VGA, $OVGA )
dumy = setvideomode( $VRES16COLCR )

CASE DEFAULT
dumy = 0
END SELECT

CALL getvideoconfig( screen )

fourcolors = .TRUE.

IF( dumy .EQ. 0 ) fourcolors = .FALSE.

END

SUBROUTINE FPLOT (ILOX)

Determines fuel line to be plotted

COMMON /EPARAM/MENG, TFLOW (25) , PCHMB(25) , DPROR(25) , PMRAT (25)

INTEGER SEGMNF (25) , SECTNF (75,25) ,NOLINF(25) , IENGF (25) , ITANKF (25) ,
* LOPOLF (25) , LOPENF (25)

REAL KMANF (25) , KTANKF (25) , LFLOWF (25) ,LF (75,25)

COMMON /FPARAM/MLINEF, SPLITF (25) ,AF (25) ,QMANF (25) , CTANKF (25) ,
* DENSF (25) ,IQ'IANF,KPAM(F,IFI_OWF,VOI.F(ZS) ,VOLMFF (25),

- 71 -



* AREAF(75,25) ,DIAF(75,25) ,LF,PINDF(75,25),

* PCAPF (75, 25) , AVGKF (25) ,

* SEGMNF, SECINF, NOLINF , LENGF , TTANKF , LOPOLF , LOPENF
COMMON /FOPTPE/PIPELF (75,25) ,PIPE2F(75,25) ,PIPE3F(75,25),

* PIPEAF(75,25) , PIPESF(75,25)

INTEGER SEGN,SECIN(150)
COMMON /SETUP/PIPE1(150) ,PIPE2 (150) ,PIPE3 (150) ,PIPE4 (150),

* NENGF (25) , NTANKF (25) , NLINEF (25) ,NSPF (25) , ILINEF,
* NENGO (25) , NTANKO (25) , NLINBO (25) ,NSPO(25) , TLINEO,
* SEGMN, SECTN

TLINEF=0

IPF=1

DO 22 I=1,MLINEF
IF (SPLITF(I) .BQ.0.0) THEN
TLINEF=ILINEF+1
NENGF ( ILINEF)=IENGF (IPF)
NTANKF (ILINEF)=ITANKF (I)
NLINEF (ILINEF)=IPF
NSPF (ILINEF)=IPF
ELSE
DO 21 J=IPF+1, IPF+SPLITF(I)
TLINEF=ILINEF+1
NENGF ( ILINEF) =IENGF (J)
NTANKF (ILINEF)=TTANKF (I)
NLINEF (ILINEF)=IPF
NSPF (ILINEF)=J
21 CONTINUE
ENDIF
TPF=TPF+SPLITF (I)+1
22 OONTINUE
23 CONTINUE
IF(ILINEF.EQ.1) THEN
TPLOTF=1
ELSE
WRITE(*,*)' The following FUEL lines may be plotted!
WRITE(*,'(/'' Line # Tarnk # Engine #''/)')
DO 24 I=1,ILINEF
WRITE(*,'(I5,110,I11) ') I,NTANKF (T) ,NENGF (I)

24 CONTINUE

25 CONTINUE
WRITE(*,'(/'' Enter line # to be plotted, 0 will end plot ''\)')
READ (*, *) IPLOTF

IF(IPLOTF.LE.O0) RETURN
IF (IPLOTF.GT.ILINEF) THEN
WRITE(*,*)' You did not enter a valid line #. Try again'
GO TO 25
ENDIF

ENDIF

CALL SETPLT

J=NSPF (IPLOTF)

T=NLINEF (IPLOTF)

K=0

SEGIN=0
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SBGMN=SEGMN+SEGMNF (I)
REWIND 16
READ (16) PIPELF, PTPE2F, PIPE3F, PIPEAF, PIPESF
DO 26 L=1,SEGMNF(I)
K=K+1
SECTN (K) =SECINF(L, I)
PIPE1 (K)=PIPE1F (L, I)
PIPE2 (K)=PIPE2F (L, I)
PIPE3 (K)=PIPE3F(L,I)
PIPE4 (K) =PIPE4F (L, I)
26 CONTINUE
IF(I.NE.J) THEN
SECEMN=SEGMN+SBGNF (J)
DO 27 I~1,SEGMNF(J)
K=K+1
SECTN (K) =SBCINF (L, J)
PIPE1 (K)=PIPE1F(L,J)
PIPE2 (K)=PIPE2F (L,J)
PIPE3 (K) =PIPE3F(L,J)
PIPE4 (K) =PIPE4F (L,J)

27 CONTINUE
ENDIF
CAIL PIPPLOT(SEGMN,SECIN,PIPEL,PIPE2,PIPE3,PIPE4, ILOX,
* NTANKF (IPLOTF) ,NENGF (IPLOTF) , 'A')
IF(ILINEF.EQ.1) RETURN
GO TO 23
END

SUBRROUTINE LABANG (XMIN, XMAX, YMIN, YMAX)
Labels phase angle plot
INCLUDE 'FGRAPH.FD'

RECORD/WXYCOORD /XY
RECORD /videoconfig/ screen
COMMON screen

CHARACTER*40 TITLE
CHARACTER#*20 TITLF
INTEGER*2 THR, IMIN, IYR, IMON, IDAY
CHARACTER*2 AP
COMMON /WCATIT/TI'I‘LE,TI‘I’LF,II-IR,Dm\I,AP,IYR,D'ION,IDAY
COMMON /NOCOL/NCOLS , NMODE
OOMMON /FACTOR/SFAC
INTEGER*2 NCOLS
INTEGER*2 row,rows
INTEGER*2 DUMWIL
RECORD/RCCOORD/S
REAL#*8 XMIN, XMAX, YMIN, YMAX, XP, YP
CHARACTER*6 YLO,YHI
CHARACTER*7 XHI
DATA YIO/' -180°'/
DATA YHI/' 180°'/
1 FORMAT (F7.1)
2 FORMAT(F7.2)
3 FORMAT (F7.3)
4 FORMAT(F7.4)
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5 FORMAT(F7.5)
6 FORMAT(F7.6)
rows = screen.numtextrows
IF (NMODE.BQ.6) THEN
CALL settextposition( 1, 1, s)
ELSE
CALL settextposition( 0, 20, s)
ENDIF
CALL OUTTEXT(TITLE)
dummy = rectangle w( $GBORDER, XMIN, YMIN, XMAX, YMAX )
row=rows/4
CALL SETTEXTPOSITION(row,l,s)
IF(NCOLS.LE.40) THEN
CALL OUTTEXT('Angle')
EISE
CALL OUTTEXT(' Phase Angle')
ENDIF
IF(NMODE.EQ.6) THEN
CALL SETTEXTPOSITION(rows/2-1,18,s)
CALL OUTTEXT('freq')
ELSE
CALL SETTEXTPOSITION(rows/2-1,35,S)
IF(SFAC.EQ.1.0) THEN
CALL OUTTEXT('Frequency — rad/sec')
ELSE
CALL OUTTEXT('Frequency — Hertz ')
ENDIF
ENDIF
CAILL GETTEXTPOSITION(S)
IF(NMODE.EQ.6) THEN
CALL SETTEXTPOSITION(3,1,Ss)
CALL OUTTEXT (YHI)
CALL SETTEXTPOSITION(s.row-3,1,s)
CALL OUTTEXT(YLO)
CALL GETTEXTPOSITION(S)
T1L.OC=4
IMAX=26
ELSEIF (NMODE.EQ.16) THEN
CALL SETTEXTPOSITION(2,10,s)
CALL OUTTEXT (YHI)
CALL SETTEXTPOSITION(s.row-2,10,s)
CALL OUTTEXT (YLO)
CAII, GETTEXTPOSITION(s)
IILOC=13
IMAX=54
EISE
CALL SETTEXTPOSITION(2,10,s)
CALL OUTTEXT (YHI)
CALL, SETTEXTPOSITION(s.row-2,10,s)
CALL OUTTEXT (YLO)
CALL GETTEXTPOSITION(S)
J10C=13
IMAX=54
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ENDIF

TIO=XMIN

THT=XMAX

IDEL~=IMAX/ (IHI-ILO)

Yow=s.row+l

DO 21 I=IIO,IHI

HI=10.0%*I

IF(HI.GE.0.1) THEN
WRITE (XHI,1)HI

ELSEIF (HI.GE.0.01) THEN
WRITE (XHI, 2)HI

ELSEIF (HI.GE.0.001) THEN
WRITE (XHI , 3)HI

ELSEIF (HI.GE.0.0001) THEN
WRITE (XHI, 4)HI
EILSEIF(HI.GE.0.00001) THEN
WRITE (XHI, 5)HI

ELSE
WRITE (XHI , 6)HI

ENDIF

CALL SETTEXTPOSITION(row,ILOC,s)
CALL OUTTEXT (XHI)
TLOC=TLOC+IDEL
IF(I.EQ.II.0.0R.I.EQ.IHI) GO TO 21
CALL SETLINESTYLE(62268)
XP=1

YP=YMIN

CALL MOVETO W(XP,YP,XY)
YP=YMAX
DUMWIL=LINETO W (XP, YP)

CALL SETLINESTYLE(65535)

21 CONTINUE

RETURN

END

SUBROUTINE IABGAIN()Q’]B‘I,}MAX,YI‘CDJ,YMAX,ITYPE)
Labels gain plot

INCLUDE ‘'FGRAPH.FD'

REOORD /WXYCOORD/ XY
RECORD /videoconfig/ screen
COMMON screen

CHARACTER*40 TITLE

CHARACTER*20 TITLF

INTEGER*2 THR,IMIN,IYR,IMON, IDAY
CHARACTER*2 AP

COMMON /WCATTT/TTTLE, TITLF, THR, IMIN, AP, IYR, IMON, IDAY
COMMON /NOCOL/NCOLS, NMODE

COMMON /FACTOR/SFAC

INTEGER*2 NCOLS

INTEGER*2 YOW, FOWS

INTEGER*2 DUMWIL

RECORD/RCCOORD/ S

REAL*8 XMIN, XMAX, YMIN, YMAX, XP, YP
CHARACTER*6 YLO,YHI
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CHARACTER*7 XHI

FORMAT (F7.1)

FORMAT (F7.2)

FORMAT (F7.3)

FORMAT (F7.4)

FORMAT (F7.5)

FORMAT(F7.6)

FORMAT (F6.3)

rows = screen.numtextrows

dummy = rectangle w( $GBORDER, XMIN, YMIN, XMAX, YMAX )

row=rows/4
CAIL SETTEXTPOSITION(row,5,s)
CALL OUTTEXT('Gain ')
IF (NMODE.BQ.6) THEN
CALL SETTEXTPOSITION(rows/2-1,18,s)
CAIL OUTITEXT('freq')
CALL SETTEXTPOSITION(rows,16,s)
ELSE
CALL SETTEXTPOSITION(rows/2-1,35,s)
IF(SFAC.EQ.1.0) THEN
CALL OUTTEXT('Frequency - rad/sec’)
ELSE
CALL OUTTEXT('Frequency - Hertz ')
ENDIF
CALL SETTEXTPOSITION (rows,39,s)
ENDIF
IF(ITYPE.BQ.1) CALL OUTTEXT(' K(jw) ")
IF(ITYPE.EQ.2) CALL OUTTEXT(' K(jw,Gox) ')
IF(ITYPE.EQ.3) CALL OUTTEXT(' K(jw,Gf) ')
IF(ITYPE.FQ.4) CALL OUTTEXT('K(jw,Gox,Gf)"')
WRITE(YLO, 7) YMIN
WRITE (YHI,7) YMAX
CALL GETTEXTPOSITION(S)
IF(NMODE.BQ.6) THEN
CALL SETTEXTPOSITION(3,1,s)
CALL OUTTEXT (YHI)
CALL SETTEXTPOSITION(s.row-3,1,s)
CALL OUTTEXT (YLO)
CALL GETTEXTPOSITION (S)
TI10C=4
IMAX=26
ELSEIF (NMODE.BQ.16) THEN
CALL SETTEXTPOSITION(3,10,s)
CALL OUTTEXT (YHI)
CALL SETTEXTPOSITION(s.row-4,10,s)
CALL OUTTEXT(Y1O)
CALL GEITEXTPOSITION(s)
I10C=13
IMAX=54
ELSE
CALL SETTEXTPOSITION(2,10,s)
CALL OUTTEXT (YHI)
CALL SETTEXTPOSITION(s.row-3,10,s)
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CALL OUTTEXT (YLO)
CAIL GETTEXTPOSITION(S)
T10C=13
TMAX=54
ENDIF
TLO=XMIN
THI=XMAX
IDEL=IMAX/ (IHI-ILO)
row=s.rowt+l
DO 21 I=I1O,IHI
HI=10.0%*I
IF(HI.GE.0.1) THEN
WRTTE (XHI, 1)HI
ELSETF(HI.GE.0.01) THEN
WRITE (XHI, 2) HI
ELSEIF (HI.GE.0.001) THEN
WRITE (XHI, 3)HI
ELSEIF (HI.GE.0.0001) THEN
WRITE (XHI, 4)HI
ELSEIF (HI.GE.0.00001) THEN
WRITE (XHI, 5)HI
ELSE
WRITE (XHI , 6) HI
ENDIF
CALL SETTEXTPOSITION (row,ILOC,S)
CALL OUTTEXT (XHI)
TLOC=TLOC+IDEL
IF(I.BEQ.IIO0.OR.I.EQ.IHI) GO TO 21
CAIL, SETLINESTYLE(62268)
XP=I
YP=YMIN
CALL MOVEIO W(XP,YP,XY)
YP=YMAX
DUMWIL=LINETO W(XP, YP)
CALL SETLINESTYLE(65535)
21 CONTINUE
RETURN

END

SUBROUTINE LOWM()Q’[DI,MX,YMAX,W)
Sets up lower plotting window

INCLUDE !'FGRAPH.FD'

INTEGER*2 Qummy
INTEGER*2 xwidth, yheight, cols, rows
RECORD /videoconfig/ screen
COMMON screen

COMMON /NOCOL/NCOLS , NMODE

INTEGER*2 NCOLS, NMODE

REAL#8 XMIN, XMAX, YMIN, YMAX, XLEN, YLEN
XLEN=0. 1* (XMAX—-XMIN)

YLEN=0. 1* (YMAX-YMIN)

XMIN=XMIN-XLEN

XMAX=XMAX+XLEN

YMIN=YMIN-YLEN
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YMAX=YMAX+YLEN

xwidth = screen.numxpixels
yheight = screen.numypixels
cols = screen.numtextcols
rows = screen.nuntextrows

IF (NMODE.BQ.6) THEN
CALL setviewport( 50, yheight - 30, xwidth - 20, 10 )
ELSE
CALL setviewport( 100, yheight - 50, xwidth - 50, 40 )
ENDIF
CALL settextwindow( 0, 1, rows, cols)
dumy = setwirxiow(.’I'RUE.,}(b’[H‘I,Yl\m‘l,}QdAX,MX)
CALL clearscreen( $GWINDOW )
RETURN
END
SUBROUTINE LPLOT(ILOX)
Determines lox line to be plotted
COMMON /EPARAM/MENG,TFLOW(25) , PCHMB (25) ,DPROR(25) , PMRAT (25)
INTEGER SEGMNO(25) ,SECTNO(75,25) ,NOLINO(25) , TENGO(25) , TTANKO(25) ,
* LOPOLO(25) , LOPENO(25)
REAL, KMANO(25) ,KTANKO(25) , LFLOWO(25) ,LO(75,25)
COMMON /OPARAM/IVILINH),SPI..I'IO(ZS) ,A0(25) ,MANO(25) ,CTANKO(25) ,
DENSO(25) ,IQ’IANO,KI‘ANKO,Im,VOLD(ZS) ,VOLMFO(25),
AREAO(7S,25) ,DIAO(75,25) ,LO, PINDO(75, 25) ,
PCAPO(75,25) ,AVGKO(25),
SEGMNO, SECTNO, NOLINO, IENGO, TTANKO, LOPOLO, LOPENO
COMMON /FOPIPE/PIPE1O(75,25) ,PIPE20(75,25) ,PIPE30(75,25) ,
* PIPE40(75,25) ,PIPESO(75,25)
INTEGER SEGMN, SECTN(150)
COMMON /SETUP/PIPE1(150) , PIPE2(150) ,PIPE3(150) ,PIPEA (150),

* % % *

* NENGF (25) , NTANKF (25) , NLINEF (25) ,NSPF (25) , ILINEF,
* NENGO (25) , NTANKO (25) , NLINEO(25) ,NSPO(25) , ILINED,
* SBGMN, SECIN

TLINEO=0

TPO=1

DO 22 I=1,MLINEO
IF (SPLITO(I) .BQ.0.0) THEN
TLINEO=TLINEO+1
NENGO (ILINEO) =IENGO (IPO)
NTANKO ( ILINEO) =ITANKO (I)
NLINEO (ILINEO) =IPO
NSPO (ILINEO)=IFO
ELSE
DO 21 J=IPO+1,TPO+SPLITO(I)
TLINEO=TLINEO+1
NENGO ( ILINEO) =IENGO(J)
NTANKO ( TLINEO) =ITANKO (I)
NLINEO ( ILINEO) =IPO
NSPO (ILINEO)=J
21  CONTINUE
ENDIF
TPO=TPO+SPLITO(I)+1
22 CONTINUE
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23 CONTINUE
IF(ILINEO.EQ.1) THEN
IPIOTO=1
ELSE
WRITE(*,*)' The following LOX lines may be plotted'
WRITE(*,'(/'' Line # Tarnk # Engine #''/)"')
DO 24 I=1,ILINEO
WRITE(*, ' (I5,110,I11)')I,NTANKO(I) ,NENGO(I)
24 CONTINUE
25 CONTINUE
WRITE(*,'(/'' Enter line # to be plotted, 0 will end plot ''\)')
READ (*, *) TPLOTO
IF(IPLOTO.LE.O) RETURN
IF (IPLOTO.GT.ILINEO) THEN
WRITE(*,*)' You did not enter a valid line #. Try again'
GO TO 25
ENDIF
ENDIF
CALL SETPLT
J=NSPO (IPLOTO)
I=NLINEO (IPLOTO)
K=0
SEGMN=0
SEGMN=SE@IN+SEGMNO (I)
REWIND 15
READ(15)PIPElO,PIPE20,PIPE30,PIPE40,PIPE50
DO 26 L~=1,SEGMNO(I)
K=K+1
SECTN (K) =SECTNO(L, I)
PIPE1 (K)=PIPE10(L,I)
PIPE2 (K)=PIPE20(L, I)
PIPE3 (K)=PIPE30(L,I)
PIPEA (K)=PIPE40(L, I)
26 CONTINUE
IF(I.NE.J) THEN
SEQMN=SEGMN+SEGMNO (J)
Do 27 L=1,SEGMNO(J)
K=K+1-
SECTN (K) =SECINO(L, J)
PIPE1 (K)=PIPE10(L,J)
PIPE2 (K)=PIPE20(L,J)
PIPE3 (K)=PIPE30(L,J)
PIPEA (K)=PIPE40(L,J)

27 CONTINUE
ENDIF
CALL PIPPIOT(SEGMN,SECIN,PIPE1,PIPE2,PIPE3,PIPE4, IIOX,
* NTANKO ( TPLOTO) , NENGO (IPLOTO) , 'B')
IF (ILINEO.BQ.1) RETURN
GO TO 23
END

SUBROUTINE NICEGRF(RM[I‘I,RIVIAX,D/JAX,M'[D‘I,ITYPE)
Plots Nyquist curve
INCIUDE 'FGRAPH.FD'
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RBCORD /videoconfig/ screen
COMMON screen
CHARACTER*40 TITLE

CHARACTER*20 TITLF

INTEGER*2 IHR,IMIN,IYR,IMON,IDAY
CHARACTER*2 AP

COMMON /WCATTIT/TTTLE, TITLF, THR, IMIN, AP, IYR, IMON, IDAY
COMMON /NOCOL,/NCOLS,, NMODE
OOMMON /FACTOR/SFAC

INTBGER*2 NOOLS,NMODE

INTEGER*2 row,XrOWs
REOORD/RCCOOCRD/S

REAL*8 IMMIN, IMAX,RMIN,RMAX
REAL*8 XMIN, XMAX, YMIN, YMAX
CHARACTER*6 YLO, YHI,X1O, XHI
FORMAT (F6.3)

rows = screen.numtextrows
XMIN=RMIN

XWAX=RMAX

YMTN=TMMIN

YMAX=IMAX

IF(NMODE.EQ.6) THEN

CALL settextposition( 0, 1, s)
CALL OUTTEXT (TITLE)

ELSE ‘
CALL settextposition( 0, 20, s)
CALL OUTTEXT(TITLE)

ENDIF
dummy = rectangle w( S$SGBORDER, ¥MIN, YMIN, XMAX, YMAX )
YOW=TroWws/2

CAILL SETTEXTPOSITION(row,1l,s)
IF(NMODE.FQ.6) THEN

CALL OUTTEXT('Imag')

CALL SETTEXTPOSITION (rows-1,16,s)

CALL OUTTEXT(' Real')
CALL SETTEXTPOSITION(rows,16,s)
EISE

CALL OUTTEXT('Imaginary')

CALL, SETTEXTPOSITION(rows-1,39,s)

CALL OUTTEXT(' Real')

CAIL SETTEXTPOSITION (rows,39,s)
ENDIF

IF(ITYPE.EQ.1) CALL OUTTEXT(' K(Jw) ")
IF(ITYPE.EQ.2) CALL OUTTEXT(' K(jw,Gox) ')
IF(ITYPE.EQ.3) CALL OUTTEXT(' K(jw,Gf) ')
IF(ITYPE.EQ.4) CALL OUTTEXT ( 'K (jw,Gox,Gf) ')
WRITE(YLO, 1) YMIN
WRITE(YHI, 1) YMAX
WRITE(XLO, 1) XMIN
WRITE (XHI, 1) XMAX

CALL GETTEXTPOSITION(S)

IF(NMODE.FQ.6) THEN

CAIL SETTEXTPOSITION(s.row-3,1,s)

- 80 -~



CALL OUTTEXT (YLO)

CALI, GETTEXTPOSITION(S)

CALL SETTEXTPOSITION (S.row+l,4,s)
CALL OUTTEXT(XLO)

CAIL GEITEXTPOSITION(S)

CALL SETTEXTPOSITION (s.row,35,s)
CALL OUTTEXT (XHI)

CALI SETTEXTPOSITION(4,1,s)

CAIL OUTTEXT (YHI)
ELSE

CALL SETTEXTPOSITION(S.row-3,5,s)
CALL OUTTEXT (YLO)

CAIL GEITEXTPOSITION(S)

CALL SETTEXTPOSITION(S.row+l,9,s)
CAIL OUTTEXT (XLO)

CALL GETTEXTPOSITION(S)

CALL SETTEXTPOSITION(sS.row,71,s)
CALL OUTTEXT (XHI)

CALL SETTEXTPOSITION(3,5,S)

CALL OUTTEXT (YHI)

ENDIF

RETURN

END

SUBROUTINE PIPPLOT (SBGMN,SECIN,PIPEL, PIPE2,PIPE3,PIPE4, IIOX,
* TTANK, IENG,R)

Supervises plot of piping layout
INCLUDE 'FGRAFPH.FD'
RECORD,/WXYCOORD/ XY
INTEGER*2 DUMWIL
COMMON /ARCCON/XC, YC,RAD, ANG, ANGLE
COMMON /PIPPXY/X,)G*I,XL,Y,YI-I,YL,)QID‘I,}Q'IAX,W,YMAX,SINA,(DSA
INTEGER*2 SEGMN,SECIN(75) ,ITYPE(200)
REAL PIPE1(75),PIPE2(75),PIPE3(75),PIPEA(75)
REAL*8 XO,Xl,XZ,XB,YO,Yl,YZ,YB
COMMON /WORK2/ POINT(8,200) ,DUMMY3(175),ITYPE
CHARACTER*1 R
ANG=0.0
ANGLE=0.0
C0SA=1.0
SINA=0.0
X=0.0
XH=0.0
X1~=0.0
¥=0.0
IF(SECIN(1) .EQ.0) THEN
YH=Y+0.5*PIPE3 (1)
YI=Y-0.5*PIPE3 (1)
ET.SETF (SECIN(1) .GE.3.AND.SECIN(1) .LE.5) THEN
IF (SECIN(2) .EQ.0) THEN
YH=Y+0.5*PIPE3 (2)
YL=Y-0.5*PIPE3(2)
EILSE
YH=Y+0.5*PIPE2 (2)
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YL=Y-0.5*PIPE2(2)
ENDIF
ELSE
YH=Y+0.5*PIPE2 (1)
YL=Y-0.5*PIPE2 (1)
ENDIF
J=0
XMIN=0.0
XMAX=0.0
YMIN=AMIN1 (Y, YL, YH)
YMAX=AMAX1 (Y, YL, YH)
DO 21 I=1,SEGMN
IF(SECIN(I).BEQ.0) THEN
C bend
CALL BNSECI‘(J,ITYPE,POIN’I‘,PIPEl(I) ,PIPE2(I),PIPE3(I),PIPEA (1))
ELSEIF (SECIN(I).BPQ.1) THEN
C straight section
CALL SI‘SECI‘(J,ITYPE,POII\I’I‘,PIPEl(I) ,PIPE2(T))
ELSEIF(SECIN(I).BEQ.2) THEN
C inline accumulator
CALL SI‘SECI‘(J,ITYPE,POM,PIPEl(I) ,PIPE2(I))
ELSEIF (SECIN(I) .BQ.3) THEN
C tuned stub accumlator
CALL TSSECT(J,ITYPE,POM,PIPEl(I) ,PIPE2(I))
ELSEIF (SECIN(I).BQ.4) THEN
C helmholtz resonator
CALL I—lI-ISECI'(J,ITYPE,PODl'I‘,PIPEl(I) ,PIPE2 (I) ,PIPE3(I))
ELSEIF(SECIN(I) .EQ.5) THEN
o parallel resonator
CALL PLSECI‘(J,ITYPE,POM,PIPEl(I) ,PIPE2(I) ,PIPE3(I))
ELSETF (SECIN(I).BEQ.6) THEN

purp
CALL STSEC'I‘(J,ITYPE,PO]NI‘,PIPEl (1) ,PTPE2 (1))
ENDIF
21 CONTINUE
XRANGE=XMAX-XMIN
YRANGE=YMAX-YMIN
XMIN=XMIN-0.05*XRANGE
XMAX=XMAX+0 . 05*XRANGE
YMIN=YMIN-0.05*YRANGE
YMAX=YMAX+0.05*YRANGE
CALL UPPEMN()QGN,YNED‘I,XMAX,YW\X,IIDX,ITANK,IENG,R)
Do 22 I=1,J
IF(ITYPE(I) .EQ.0) THEN
bend

XC=POINT(1,I)
YO=POINT(2,I)
X1=POINT(3,I)
Y1=POINT(4,I)
RAD=POINT(5,I)
IF(X1.GT.Y1) THEN
=3.14159+X1
¥1=3.14159+Y1
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CALL CURV(Y1,X1)
ELSE
CALL CURV(X1,Y1)
ENDIF
ELSE
all except bend
XO=POINT(1,I)
YO=POINT(2,I)
X1=POINT(3,I)
Y1=POINT (4, I)
X2=POINT (5, I)
Y2=POINT(6,I)
X3=POINT(7,I)
Y3=POINT(8,I)
CALL MOVETO W(XO0,Y0,XY)
DUMWIL~LINETO W(X1,Y1)
CALL MOVEIO W(X2,Y2,XY)
DUMWIL=LINETO W(X3,Y3)
CALL MOVETO W(XO0,Y0,XY)
DUMWIL=LINETO W(X2,Y2)
CALL MOVETO W(X1,Y1,XY)
DUMWIL=LINETO W(X3,Y3)
ENDIF
22 CONTINUE
IF(R.EQ.'A') THEN
IF(I1OX.EQ.0) RETURN
ENDIF
CALL ENDPLT
RETURN
END
SUBROUTINE PLSECT(J, ITYPE, POINT,LEN,DIA,VOL)
Computes plot coordinates for parallel resonator
COMMON /PIPPXY/X,XH,XL,Y,YH,YL,)QGN,)Q’IAX,YMIN,MX,SII@.,@SA
OOMMON /ARCCON/XC, YC, RAD, ANG, ANGLE
REAL LEN,POINT(8,200)
INTEGER*2 ITYPE(200)
XOLD=X
XHOLD=XH
XLOLD=XL
YOLD=Y
YHOLD=YH
YILOID=YL
ANGOID=ANG
ANGSAV=ANGLE
SINOLD=SINA
QOSOID=COSA
DIAM=SORT ( (XH-XL) *#2+(YH-YL) **2)
CALL SI‘SECI‘(J,I’I‘YPE,PODI’I‘,DIA,DIAM)
XC=0. 5% (XHOLD+XH)
XHC=XHOLD
XLC=XL
YC=0.5* (YHOLD+YH)
YHC=YHOLD
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YILC=YL

PLEN=LEN-2.0*DIA

PDIA=(VOL~2. 0*DIA*DIAM) /PLEN

CAIL STSECT(J, I'I'YPE,POINT,PLEN,PDIA)

CATL S‘I‘SECI‘(J,I’I‘YPE,POD\IT,DIA,DIAM)

XSAV=,

XHSAV=

XLSAV=XL,

YSAV=Y

YHSAV=YH

YILSAV=YL

SINA=COSOLD

O0SA=-SINOLD

RADIUS=DIA

TURN=-90.0

SIDE=LEN-5.0*DIA

ANG=ANG+1.5708

ANGLE=ANGLE+90.0

X=XC

Y=YC

XH=XHC

XI=X1C

YH=YHC

YIL=YIC

CALL BNSECI‘(J,ITYPE,PODI’I‘,RADIUS,'IURN,DIA,DIA)

CALL, STSECT(J, ITYPE, POINT, SIDE, DIA)

CAILL BNSECT(J, I'I'YPE,POINT,RADIUS,'IURN,DIA,DIA)

X=XSav

Y=YSAV

XH=XHSAV

XL~=XLSAV

YH=YHSAV

YI~=YISAV

ANG=ANGOLD

ANGLE=ANGSAV

SINA=SINOLD

COSA=C0OSOLD

RETURN

END

SUBROUTINE PNYQ(KR,KC,KW,PI‘S,ITYPE,I‘I'F,I'IO,II\IG)
Plots gain and phase argle

INCLUDE 'FGRAPH.FD'

INTEGER PTS

REAL KR(PTS) ,KC(PTS) ,KW(PTS)

COMMON /WORK1/DUMMY2 (8397) ,X(1001) ,YR(1001) ,YC(1001)

RBECORD/WXYCOORD/ XY

RECORD /videoconfig/ screen

COMMON screen

RECORD/RCCOOORD/ S

COMMON /NOCOL/NCOLS,, NMODE

INTEGER*2 DUMWIL

REAL*8 }Q{EN,}MAX,YMDR,YW,YNUNC,YMAXC,XP,YP,X[D,)G{I

CHARACTER*38 ENGINK
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1 FORMAT(15%,'’ 1,17X)
2 FORMAT(7X,'Eng. #',12,3X, 'IOX TANK #',I2,8X)
3 FORMAT(7X,'Eng. #',12,3X%, 'FUEL TANK #',I2,7X)
4 FORMAT('Eng. #',I2,3X,'FUEL TANK #',I2,2X,'IOX TANK #',12)
rows = gcreen.numtextrows
CALL SETPLT
DO 21 I=1,PTS
YR (I)=SQRT (KR (I) **2+KC(I) ¥*2)
YC(I)=57.29578*ATAN2 (KC(I) ,KR(I))
X(I)=ALOG10 (KW(I))
21 CONTINUE
YMINR=YR(1)
YMAXR=YR(1)
YMINC=-180.0
YMAXC= 180.0
XMIN=X (1)
XMAX=X (1)
DO 22 I=2,PTS
IF(X(I).LT.XMIN) XMIN=X(I)
IF(X(I).GT.XMAX) XMAX=X(I)
IF(YR(I) .LT.YMINR) YMINR=YR(I)
IF (YR(I) .GT.YMAXR) YMAXR=YR(I)
22 CONTINUE
XL0=0.0
XHI=0.0
Do 23 I=-10,10
IF(XMIN.GE.I) XLO=I
IF(XMAX.LE.I) THEN
XHI=I
GO TO 24
ENDIF
23 CONTINUE
24 QONTINUE
IF(XLO0.BQ.XHI) XHI=XHI+1.0
CALL WDIDLO(XLD,XHI,YI\H}IR,YMAXR)
CALL I_ABGAIN(XLD,XHI,YMH‘IR,M,ITYPE)
IF(ITYPE.BQ.1) WRITE(ENGINK,1)
IF(ITYPE.EQ.2) WRITE(ENGINK,2)ING,ITO
IF(ITYPE.EQ.3) WRITE (ENGINK, 3) ING, ITF
IF(ITYPE.EQ.4) WRI'I’E(EI\IGI‘I\IKA)II\IG,ITF,I‘IO
IF (NMODE.BQ.6) THEN
CAIL settextposition( ROWS/2+1, 1, s)
ELSE
CALL settextposition( ROWS/2+1, 26, S)
ENDIF
CALL OUTTEXT (ENGTNK)
CALL SETLINESTYLE(62268)
IF(}MIN.IE.0.0.AND.)MAX.GE.0.0) THEN
XP=0.0
YP=YMINR
CALL MOVEIO_W(XP,YP,XY)
YP=YMAXR
DUMWIL=LINETO W(XP,YP)
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25

26

ENDIF
IF(WR.LE.0.0.AND.YPM.GE.0.0) THEN
YP=0.0
XP=X10
CALL MOVETO W(XP,YP,XY)
XP=xXHI
DUMWIL=LINETO W(XP,YP)
ENDIF
CAIL SETLINESTYLE(65535)
XP=X(1)
YP=YR(1)
CALL MOVETO W(XP,YP,XY)
DO 25 I=2,PTS
XP=X(I)
YP=YR(I)
DUMWIL=LINETO W(XP,YP)
CONTINUE
CALI, WINDUP (XLO,XHI , YMINC, YMAXC)
CALL LABANG (XLO,XHI , YMINC, YMAXC)
CAIl, SETLINESTYLE(62268)
IF(Xl\m\I.I_.E.0.0.AND.mx.GE.0.0) THEN
XpP=0.0
YP=YMINC
CALL MOVEIO_W(XP,YP,XY)
YP=YMAXC
DUMWIL=LINETO W(XP,YP)
ENDIF
IF(YNUI\IC.LE.0.0.AND.YWC.GE.0.0) THEN
YP=0.0
XP=X1LO
CALL MOVETO W(XP,YP,XY)
XP=XHL
DUMWIL=LINETO W(XP,YP)
ENDIF
CALL SETLINESTYLE(65535)
XP=X(1)
YP=YC(1)
CALL MOVETO W(XP,YP,XY)
DO 26 I=2,PIS
XP=X(I)
YP=YC(I)
DUMWIL=LINETO W(XP,YP)
CONTINUE
CALL ENDPLT
RETURN
END
SUBROUTINE SETPLT
Sets up the plot environment
INCLUDE 'FGRAPH.FD'
RECORD /videoconfig/ screen
COMMON screen
10GICAL fourcolors
EXTERNAL fourcolors
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COMMON /NOCOL/NCOLS, NMODE

INTEGER*2 NCOLS,NMODE

IF( .NOT.fourcolors() ) THEN

WRITE (*,*) ' This program requires a CGA, EGA, or',

+ ' VGA graphics card.'
STOP
ENDIF
NOOLS = screen.numtextcols
NMODE = screen.mode
RETURN
END

SUBROUTINE UPPERW(XOO,YOO,Xll,Yll,I'I.OX,ITAM(,IENG,R)
Sets up upper plotting window
INCLUDE 'FGRAPH.FD'

RECORD/RCCOORD/S

INTBEGER#*2 cdurnmy

INTEGER*2 xwidth, yheight, cols, rows
RECORD /videoconfig/ screen

COMMON screen

COMMON /NOCOL,/NCOLS , NMODE

INTEGER*2 NOOLS,NMODE

CHARACTER*2 AP

CHARACTER*40 TITLE

CHARACTER*20 TITLF

CHARACTER*36 FULOX

COMMON /WCATTT/TITLE, TITLF, IHR, IMIN, AP, IYR, IMON, IDAY
REAL*8 X0, X1, YO, Y1

CHARACTER*1 R

1 FORMAT('FUEL Piping - Tark # ',I2,' Engine # ',I2)
FORMAT(' IOX Piping - Tank # ',I2,' Engine # ',I2)

xwidth = screen.numxpixels
yheight = screen.numypixels
cols = screen.numtextcols
rows = screen.numtextrows
halfy = yheight/2

X0=X00

YO=Y00

X1=X11

Y1=Y11

PICX=XWIDTH-20
PICY=HALFY-30
IF (NOOLS.LE.40) PICY=HALFY-20
XRANG=DABS (X1-X0)
YRANG=DABS (Y1-YO0)
XRAT=PICX/XRANG
YRAT=PICY/YRANG
IF (XRAT.LT.YRAT) THEN
YRAT=PICY/XRAT
ADDY=0. 5* (YRAT-YRANG)
YO=YO-ADDY
Y1=Y1+ADDY
ELSE
XRAT=PICX/YRAT

- 87 -



ADDX=0. 5% (XRAT-XRANG)
X0=X0-2DDX
X1=X1+ADDX
ENDIF
IF(R .FQ. 'A') THEN
IF (NMODE.BEQ.6) THEN
CALL setviewport( 10, halfy + 10, xwidth - 10, yheight - 10 )
dummy = setwindow( .TRUE., X0-1.0, Y0-1.0, X1+1.0, Y1+1.0 )
CALL settextwindow( (rows / 2 ) + 1, 1, rows, cols)
ELSE
CALL setviewport( 10, halfy + 10, xwidth - 10, yheight - 10 )
dummy = setwindow( .TRUE., X0-1.0, Y0-1.0, X1+1.0, Y1+1.0 )
CAIL settextwindow( (rows / 2 ) + 1, 5, rows, cols = 5)
ENDIF
CALL clearscreen( SGWINDOW )
IF(I10X.EQ.0) dummy = rectangle w( $GBORDER, X0, YO, X1, Y1)
IF(NMODE.PQ.6) THEN
CALL SETTEXTPOSITION(1,1,S)
ELSE
CALL SETTEXTPOSITION(1,20,S)
ENDIF
WRITE (FULOX, 1) ITANK, IENG
CALL OUTTEXT (FULOX)
ENDIF
IF(R.EQ. 'B'.CR.IIOX.FQ.1) THEN
IF(NMODE.EQ.6) THEN
CALL setviewport( 10, 20, xwidth - 10, halfy )
dummy = setwindow( .TRUE., X0-1.0, Y0-1.0, X1+1.0, ¥Y1+1.0 )
CALL settextwindow(0 , 1, (rows / 2 ) , cols)
ELSE
CALL setviewport( 10, 25, xwidth - 10, halfy - 5 )
dqummy = setwindow( .TRUE., X0-1.0, Y0-1.0, X1+1.0, Y1+1.0 )
CALL settextwindow(0 , 1, (rows / 2 ) , cols - 5)
ENDIF
CALL clearscreen( SGWINDOW )
dummy = rectangle w( $GBORDER, X0, YO0, X1, Yl )
IF(NMODE.BQ.6) THEN
CALL SETTEXTPOSITION(O,1,S)
EISE
CALL SETTEXTPOSITION(O,20,S)
ENDIF
CALL OUITEXT(TITLE)
IF(NMODE.BQ.6) THEN
CALL SETTEXTPOSITION(2,1,S)
ELSE
CALL SETTEXTPOSITION(2,20,S)
ENDIF
IF(ILOX.BQ.0) THEN
WRITE (FULOX, 2) ITANK, TENG
CALL OUTTEXT (FULOX)
ENDIF
ENDIF
RETURN
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END

SUBROUTINE WII\IDI.O(XIVHI‘I,}QIIAX,YIV[D\I,YMAX)
Sets up gain window

INCLUDE 'FGRAPH.FD'

INTBGER*2 durmmy
INTBGER*2 xwidth, yheight, cols, rows, halfy
RBCORD /videoconfig/ screen
COMMON screen

COMMON /NOCOL/NCOLS , NMODE
INTEGER*2 NOOLS

REAL#*8 XMIN, XMAX, YMIN, YMAX, XLEN, YLEN
REAL*8 XMINP, XMAXP, YMINP, YMAXP
XLEN=0., 1% (XMAX-XMIN)
YLEN=0. 1* (YMAX-YMIN)
XMINP=XMIN-XLEN

XMAXP=XMAX+XTEN

YMINP=YMIN-YLEN

YMAXP=YMAX+YLEN

xwidth screen. numxpixels

yheight = screen.numypixels
cols = screen.numtextcols
rows = screen.mumtextrows
halfy = yheight/2

IF(NCOLS.LE.40) THEN
CALL setviewport( 50, halfy + 10, xwidth - 20, yheight - 30 )
ELSE
CAIL setviewport( 100, halfy + 10, xwidth - 50, yheight - 50 )
ENDIF
CALL settextwindow( (rows / 2 ) + 1, 1, rows, cols - 1)
dummy = setwindow(.'I‘RUE.,Xl‘m\IP,YMDlP,}MAXP,YMAXP)
CAIL clearscreen( $SGWINDOW )
RETURN
END
SUBROUTINE WINDUP (XMIN, XMAX, YMIN, YMAX)
Sets up phase angle window
INCLUDE ‘'FGRAPH.FD'

INTEGER*2 curmmy
INTEGER*2 xwidth, yheight, cols, rows, halfy
RBECORD /videoconfig/ screen
COMMON screen

OOMMON /NOCOL/NCOLS , NMODE
INTEGER*2 NCOLS

REAL*8 XMIN, XMAX, YMIN, YMAX, XLEN, YLEN
REAL*8 XMINP, XMAXP, YMINP, YMAXP
XLEN=0. 1* (XMAX-XMIN)
YLEN=0. 1* (YMAX-YMIN)
XMINP=XMIN-XLEN

XMAXP=XMAX+XLEN

YMINP=YMIN-YLEN

YMAXP=YMAX+YLEN

xwidth screen. numxpixels
yheight = screen.numypixels

cols screen.numtextcols
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YOows screen. numtextrows

halfy vheight/2

IF(NCOLS.LE.40) THEN

CALL setviewport( 50, 10, xwidth - 20, halfy - 30 )
ELSE

CALL setviewport( 100, 10, xwidth - 50, halfy - 50 )
ENDIF

CAIL settextwindow( 1, 1, (rows / 2 ) - 1, cols - 1)
dummy = setwindow(.TRUE. ,XMINP, YMINP, XMAXP, YMAXP)
CALL clearscreen( $ GWINDCW )

RETURN

END
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c

21

PROGREM NYQUIST2

SUBROUTINE ADMIT(S,GADM,A,AREA,CMAN,CTANK,DPROR,L,LEW,PMRAT,
* SEGMN, SECTN, SPLIT, LOPEND, PCAP, PIND, TENG, TFLOW,

* NOLINE, IP, ILINE, ITLIN)
Determines admittance looking toward tank

CHARACTER*40 TITLE

CHARACTER*20 TITLF

INTEGER*2 THR, IMIN, IYR, IMON, IDAY

CHARACTER*2 AP

COMMON /WCA’I'IT/TITIE,TI‘I’LF,IHR,]MIN,AP,IYR,D’DN,IDAY

INTEGER SEGMN(25),SECIN(75,25)
INTEGER IENG(25),NOLINE(25)

REAL AREA(7S,25) ,PCAP(75,25) ,PIND(75,25) ,L(75,25) ,LFLOW, 20(75,25) ,
CMAN (25) , DFROR(25) , PMRAT (25) , 20R(25) , TFLOW(25)
COMPLEX G(0:75,25),2T(0:75,25) ,2G(0:75,25) ,GOLD(0:75,25) ,GADM(25) ,

*

* S, ZGEFF, ZTEFF
COMMON /WORK1/G, 2T, 2G
COMMON /WORK2/ 20
COMMON /FACTOR/SFAC
OOMPLEX CTANH,RHS,CFAC,CAPN, CAPM
CHARACTER*13 TYPEL(2)
DATA TYPEL/' in FUEL line',' in IOX line'/
DATA GRAV/32.2/
DATA IOPEN/O/
ZTOP=A/GRAV
TMASS=0.0
TOOUNT=0. 0
DO 22 J=IP,IP+SPLIT
GOLD(0,J)=0.0
SECTN (SEGMN (J) +1,J)=0
DO 21 I=1,SBEGMN(J)

GOLD(I,J)=0.0

20(I,J)=0.0

IF(SECIN(I,J).LE.2) THEN
20(I,J)=ZTOP/AREA(I,J)

ELSEIF (SECIN(I,J) .EQ.7) THEN
20(I,J)=0.0

ELSE
ZO(I,J)=SQRT (PIND(I,J) /PCAP(I,J))

ENDIF

CONTINUE
IF(IENG(J) .NE.O) THEN

IE=TENG (J)

ZOR(J)=2 . 0*DPROR (IE) /LFLOW

IF(J.EQ.IP.AND.SPLIT.EQ.0.0) THEN
TMASS=TFLOW ( IE)

ELSEIF(J.NE.IP) THEN
TMASS=TMASS+NOLINE (J) *TFLOW (1E)
TCOUNT=TCOUNT+NOLINE (J)

ENDIF

ENDIF
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22 CONTINUE
IF (TCOUNT.EQ.0.0) TCOUNT=1.0
G (0, IP)=CTANK*S
G(0,IP)=G(0,IP) /TCOUNT
ZT(0,IP)=1.0/G(0,IP)
DO 31 KLOOP=1,LOPEND
DO 25 J=IP,IP+SPLIT
IF(J.NE.IP) THEN
G(0,J)=G(SE@N (IP) , IP)
2T(0,J)=1.0/G(0,J)
ENDIF
DO 24 I=1,SEGWN(J)
ZGEFF=G(I-1,J)
IF(SECIN(I,J).LE.1) THEN
C bend in pipe or straight section
TI=L(I,J) /A
IF(KI.OOP.NE.l.AND.SPLIT.NE.O.AND.J.NE.IP.AND.I.m.l) THEN
ZGEFF=0.0
DO 23 K=IP+1,IP+SPLIT
TE=IENG (K)
IF(K.BEQ.J) THEN
7GEFF=2GEFF-+ (NOLINE (K) -1.0) /ZG(0,K)

ELSE
2GEFF=ZGEFF-+NOLINE (K) /2G(0,K)
ENDIF
23 CONTINUE
ZGEFF=G (SEGMN (IP) , IP) +ZGEFF
ENDIF
G(I,J)=(1.0+CTANH(S*TL) / (2GEFF*20(I,J)))/ (1.0+ZGEFF*
* 20(I,J) *CTANH (S*TL) )
ELSETF(SECIN(I,J).BQ.2) THEN
C inline resonator

G(I,J)=1.0+PCAP(I,J)*S/ZGEFF
ELSETF (SECIN(I,J) .EQ.3) THEN

C tuned stub
G(I,J)=1.0+CIANH(S*SQRI‘(PIND(I,J)*PCAP(I,J)))/(ZO(I,J)*
* ZGEFF)
ELSEIF(SECIN(I,J) .BQ.4) THEN
C helmholtz resonator

G(I,J)=1.0+S*P(‘AP(I,J)/(1.0+PmD(I,J)*PCAP(I,J)*S**2)/ZGEFF
ELSEIF (SECTN(I,J).BEQ.5) THEN

C parallel resonator
G(I,J)=PIND(I,J)*PCAP(I,J)*S**2+1.0
G(I,J)=G(I,J)/(G(I,J)+PIND(I,J)*S*ZGEFF)
ELSEIF(SECIN(I,J) .BQ.6) THEN

C pup
G(I,J)=(1.0+PC1P(I,J)*S/ZGEEF)/(1.0+(PmD(I,J)*s+

* AREA(I,J))*(PCAP(I,J) *S+ZGEFF) )

ELSEIF (SECIN(I,J).EQ.7) THEN
G(SEGMN(J) ,J)=1.0+CMAN(J) *S/ZGEFF
ENDIF
G(I,J)=G(I,J) *2GEFF
ZT(1,J)=1.0/G(I,J)
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24 CONTINUE
IF(SPLIT.NE.0.0.AND.J.EQ.IP) GO TO 25
G(SEQMN(J)+1,J)=1.0/ (1.0+ZOR(J) *G(SBEGMN(J) ,J) )
G(SBRN (J) +1,J) =G (SERMN (J) +1,J) *G (SEMN(J) ,J)
25 CONTINUE
IF(I_OPEND.EQ.l.OR.SPLIT.m.0.0) GO TO 31
DO 28 J=IP+SPLIT,IP,-1
IF(J.EQ.IP) THEN
LOPHI=SEGMN (J)
ELSE
2G (SEGMN (J) -1, J) =ZOR(J) / (ZOR(J) *QMAN (J) *5+1.0)
1OPHI=SEGMN (J) =2
ENDIF
IF(LOPHI.NE.0) THEN
DO 27 I=IOPHI,1,-1
IF(I.m.I_OPHI.AND.J.EQ.IP) THEN
2G(1,J3)=0.0
ZTEFF=ZT(I-1,J)
DO 26 K=IP+1,IP+SPLIT
2GEFF=2G(1,K)
ZOEFF=20(1,K)
ZIP=L(1,K)
TL=(L(I,J)+ZLP) /A
CAPN= (ZOEFF-ZTEFF) / (ZOEFF+ZTEFT')
CAPM= (ZOEFF-ZGEFF) / (ZOEFF+ZGEFF)
CFAC=CEXP (-2 .0*S*TL)
RHS= (ZOEFF+ZGEFF) * (1. 0—CAPN*CAPM*CFAC) *CEXP (S*ZLP/A)
CFAC=CAPN*CFAC*CEXP (2.0*S*ZLP/A)
7G (0, K) = (RHS—-ZOEFF* (1.0-CFAC) ) / (1. 0+CFAC)
2G(I,J)=2G(I,J)+NOLINE(K) /2G(0,K)
26 CONTINUE
2G(I,J)=1.0/2G(1,J)
ELSE
ZGEFF=2G (I+1,J)
ZOEFF=20(I+1,J)
ZLP=L(I+1,J)
ZTEFF=ZT (I-1,J)
IF(SECIN(I+1,J) .LE.1) THEN
bernd in pipe or straight section
TL=(L(I,J)+ZLP) /A
CAPN= (ZOEFF-ZTEFF) / (ZOEFF+ZTEFF)
CAPM= (ZOEFF-ZGEFF) / (ZOEFF+ZGEFF)
CFAC=CEXP (-2 .0*S*TL)
RHS=(ZOEFF+ZGEFF) * (1. 0—CAPN*CAPM*CFAC) *CEXP (S*ZLP/A)
CFAC=CAPN*CFAC*CEXP (2. 0*S*ZLP/A)
2G(I,J)=(RHS-ZOEFF* (1.0-CFAC) ) / (1. O+CFAC)
ELSETF (SECIN (I+1,J) .EQ.2) THEN
inline resonator
2G(I,J)=2GEFF/ (ZGEFF*PCAP (I+1,J) *S+1.0)
ELSEIF(SECIN(I+1,J) .BQ.3) THEN
tuned stub
2G (I,J)=ZOEFF/CTANH (S*SQRT (PIND(I+1,J) *PCAP (I+1,J)))
2G(I,J)=(2G(I,J) *2GEFF) / (2G(I,J)+ZGEFF)
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ELSEIF (SECTN(I+1,J) .BQ.4) THEN
C helmholtz resonator
2G(I,J)=(1.0+PIND(I+1,J) *PCAP (I+1,J) *S**2) / (PCAP (I+1,J) *S)
ZG(I,J)=(ZG(I,J)*ZGEFF)/(ZG(I,J)+ZGEFF)
ELSETF (SECIN(I+1,J) .DQ.5) THEN
C parallel resonator
ZG(I,J)=ZGEFF+PIND(I+1,J)*S/(PIND(I+1,J)*PCAP(I+1,J)*s**2+
* 1.0)
ELSEIF (SECIN(I+1,J) .BQ.6) THEN

pup
2G(1,J)=ZGEFF+PIND(I+1,J) *S-AREA(I+1,J)
2G(1,3)=2G(I,J) / (1.0+ZG(I,J) *PCAP (I+1,J) *S)
ENDIF
ENDIF
27  CONTINUE
ENDIF
28 CONTINUE
ERRP=0.0
DO 30 J=IP,IP+SPLIT
DO 29 I=1,SEGMN(J)
GDIF=CABS(GOLD(I,J))
IF(GDIF.NE.0.0) GDIF=ABS(GDIF-CABS(G(I,J)))/GDIF
IF(GDIF.GT.ERRP) THEN
ERRP=GDIF
WG=CABS (G(I,J))
WGOLD=CABS (GOLD(I,J))
TWG=I
JWG=J
ENDIF
GOLD(I,J)=G(I,J)
29  CONTINUE :
30 CONTINUE
TF (KLOOP.GT. 1.AND. ERRP.LT.0.001) GO TO 32
31 CONTINUE
IF(LOPEND.EQ.1) GO TO 32
IF (TOPEN.BQ.0) THEN ,
OPEN (UNTT=13, FILE="'SURF . ERR')
WRITE(13,*)"'

WRITE(13,%*)' !
WRITE(13,*) TITLE
WRITE(13,%)' '
TOPEN=1
ENDIF
WRITE(13,'('' jw ='',F8.1,"' after'',I3,'' iterations'',
* *' has error of'',F8.3,''%s '',A)’)
* ATMAG (S) /SFAC, LOPEND, 100 . O*ERRP, TYPEL (ITLIN)
WRITE(13, ' (10X,'" I=",I3,3X,"J=",I3,3X,"|G|=",1PE12.4,3X,
* '1|GOLD|="",E12.4) ') IWG,JWG, WG, WGOLD
32 CONTINUE

DO 35 J=IP,IP+SPLIT
IF(IENG(J) .EQ.0.0) THEN
RATPM=0.0
DO 33 I=IP+1,IP+SPLIT
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33

34

RATPM=RATPM+PMRAT (TENG (I))
CONTINUE

LOPHT=SPGN (J)
ELSE

RATPM=PMRAT (TENG (J) )
LOPHI=SBEGMN (J) +1
ENDIF
DO 34 I=0,LOPHI
G(I,J)=RATPM*G(I,J)
CONTINUE
IF(J.EQ.IP.AND.SPLIT.NE.0.0) GO TO 35
GADM ( ILINE) =G (LOPHI, J)
TLINE=ILINE+1

35 CONTINUE

RETURN
END
SUBROUTINE BENDS (PIPEl,PIPE2,PIPE3 ,PIPE4,VALUE, DIME)
Computes effective straight pipe for bend
REAL LBEND
IBEND=0.0174533*PIPE1*ABS (PIPE2)
RATIO=(PIPE1-0.5*PIPE3) / (PIPE1+0.5*%PIPE3)
CALI, GINERT (ABS (PIPE2) ,RATIO,Y)
GAMMA= (LBEND+Y*PIPE3) /LBEND
VALUE=GAMMA* (LBEND+2 . 0*PIPE4)
DIME=PIPE3/ (GAMMA) **0.25
RETURN
END
SUBROUTINE BNSECT(J,ITYPE,POIN'I‘,PIPEl,PIPEZ,PIPEB,PIPEtl)
Computes plot coordinates for a bend
OOMMON /PIPPXY/X,)Q'I,XL,Y,YH,YL,W,W,M,Y.MAX,SINA,CDSA
QOOMMON /ARC(I)N/XC,YC,RAD,ANG,ANGLE
REAL POINT(8,200)
INTEGER*2 ITYPE(200)
first straight section of bend
IF (PIPE4.NE.0.0) CAI.LSTSEK'!I‘(J,ITYPE,POII\I’I‘,PIPM,PIPB)
curved section of bend
IF(PIPE2.GE.0.0) THEN
XC=X-SINA*PIPE1l
YC=Y+QOSA*PIPE1l
DIA= 0.5
ELSE
XC=X+SINA*PIPEl
YC=Y-COSA*PIPEL
DIA=-0.5
ENDIF
J=J+1
ITYPE(J)=0
POINT(1,J)=XC
POINT(2,J)=YC
POINT(3,J)=ANG
ANG=ANG+0.01745329*PIPE2
ANGLE=ANGLE+0 . 5*PTPE2
RANG=0.01745329*ANGLE
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COSA=C0S (RANG)
SINA=SIN (RANG)
RAD=PTPE1-DIA*PIPE3
POINT (4,J)=ANG
POINT (5,J)=RAD
XO=XC-RAD
YO=YC+RAD
X1=XC+RAD
Y1=YC-RAD
X2=XH
Y2=YH
SLENTH=2 . O*RAD*SIN (0. 00872665*ABS (PIPE2) )
XH=X2+COSA*SLENTH
YH=Y2+SINA*SLENTH
X3=XH
Y3=YH
IF(DIA.LT.0.0) THEN
HOILD=X2
X2=X3
X3=HOLD
HOLD=Y2
Y2=Y3
Y3=HOLD
ENDIF
RAD=PIPE1+DIA*PIPE3
XO=XC-RAD
YO=YC+RAD
X1=XC+RAD
Y1=YC-RAD
X2=XL
Y2=YL
SLENTH=2 . 0¥RAD*SIN (0. 00872665*ABS (PIPE2) )
XL=X2+COSA*SLENTH
YL=Y2+SINA*SLENTH
X3=XL
Y3=YL
IF(DIA.LT.0.0) THEN
HOLD=X2
X2=X3
X3=HOLD
HOLD=Y2
Y2=Y3
Y3=HOLD
ENDIF
J=J+1
TTYPE(J)=0
POINT (1,J)=POINT(1,J-1)
POINT(2,J)=POINT(2,J-1)
POINT(3,J)=POINT(3,J-1)
POINT(4,J)=POINT (4,J-1)
POINT(5,J)=RAD
SLENTH=2 . 0*PIPE1*SIN (0.00872665*ABS (PIPE2) )
X=X+OOSA*SLENTH
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Y=Y+SINA*SLENTH
XMIN=AMIN1 (X, XL, XH, XMIN)
XMAX=AMAX1 (X, XL, XH, XMAX)
YMIN=AMIN2 (Y, YL, YH, YMIN)
YMAX=AMAX1 (Y, YL, YH, YMAX)
last straight section of bend
ANGLE=2NGLE+0.5*PIPE2
RANG=0.01745329*ANGLE
COSA=C0S (RANG)
SINA=SIN (RANG)
J=J+1
ITYPE(J)=1
POINT(1,J)=XH
POINT(2,J)=YH
POINT(3,J)=XL
POINT(4,J)=YL
X=X+COSA*PIPE4
XH=X-0.5*SINA*PTPE3
XL=X+0.5*SINA*PIPE3
Y=Y+SINA*PIPE4
YH=Y+0.5*C0SA*PTPE3
YI=Y-0.5*COSA*PIPE3
POINT(5,J)=XH
POINT(6,J)=YH
POINT(7,J)=XL
POINT(8,J)=YL
XMIN=AMIN1 (¥, XL, XH, XMIN)
XMAX=AMAX1 (X, XL, XH, XMAX)
YMIN=AMIN1(Y, YL, YH, YMIN)
YMAX=AMAX1 (Y, YL, YH, YMAX)
RETURN
END
OOMPLEX FUNCTION COOSH(S)
Evaluates the complex hyperbolic cosine
COMPLEX S
REAL LAMDA, MU
LAMDA=RFAL(S)
MU=ATMAG (S)
OOSHR=0OSH (LAMDA) *COS (MU)
OQOSHI=SINH (LAMDA) *SIN (MU)
OCOOSH=CMPLX (OOSHR, COSHT)
RETURN
END
OOMPLEX FUNCTION CSINH(S)
Evaluates the complex hyperbolic sine
QOMPLEX S
REAL, IAMDA, MU
LAMDA=RFAL(S)
MU=ATMAG (S)
SINHR=SINH (LAMDA) *COS (MU)
SINHI=COSH (LAMDA) *SIN (MU)
CSINH=CMPLX (SINHR, SINHI)
RETURN
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END
OOMPLEX FUNCTION CTANH(S)
Evaluates the complex hyperbolic tangent
OCMPLEX CCOSH,CSINH, S
CTANH=CSINH (S) /CCOSH(S)
RETURN
END
SUBROUTINE ENGNO (TUNIT)
Reads engine parameters
COMMON /EPARAM/MENG, TFLOW (25) , PCHMB (25) , DPROR(25) , PMRAT (25)
READ (TUNIT, *) MENG
IF (MENG.GT.25) THEN
WRITE(*,*)' Number of engines must be less than 25'
STOP
ENDIF
IF(MENG.LE.O) MENG=1
DO 21 I=1,MENG
READ (TUNIT, *) TFLOW(I) , PCHMB(I) , DPROR(I)
PMRAT(I)=PCHMB(I) /TFLOW(I)
CONTINUE
RETURN
END
SUBROUTINE FUEL(S,GF,IUNIT,IUI‘IITP,IGONE)
Handles fuel piping logic
OOMPLEX GF(25),S
COMMON /EPARAM/MENG, TFLOW (25) , PCHMB(25) , DPROR(25) , PMRAT (25)
INTEGER SEGMN(25) ,SECIN(75,25) ,NOLINE(25) , IENG(25) , TTANK(25) ,
* 1LOPOLD(25) , LOPEND(25)
REAL KMAN (25) ,KTANK(25) ,LFLOW(25) ,L(75,25)
COMMON /FPARAM/MLINE, SPLIT(25) ,A(25) , QAN (25) , CTANK(25) ,
DENS (25) , KMAN, KTANK, LFLOW, VOL(25) , VOLMF (25) ,
AREA(75,25) ,DIA(7S,25) ,L,PIND(75,25) ,
PCAP(75,25) ,AVGK(25) ,
SEG‘&N,SEKIIN,NOID‘IE,IENG,I’I‘AM(,IDPOLD,IDPEND
COMMON /FOPIPE/PIPEL(75,25),PIPE2(75,25) ,PIPE3(75,25),
* PIPE4 (75,25) ,PIPE5(75,25)
CHARACTER#24 FUELIN,NAMLIN(2)
COMMON /WCAOUT /NAMLIN
CHARACTER*1 ANS
IF(IGONE.BQ.2) THEN
WRITE(*,'(A\)')' Is the fuel file name FUEL.RIN? (Y/N) '
READ(*, ' (A) ')ANS
IF(ANS.NE. 'N'.AND.ANS.NE. 'n') THEN
OPE\I(UNIT=IUNIT,FII..E—"—"FUEL.RIN')
NAMLIN(1)="'FUEL.RIN'
ELSE
WRITE(*,'(A\)')' Enter name of file with fuel line data '
READ(*, ' (A)')FUELIN
OPEN (IUNIT, FILE=FUELIN)
NAMLIN (1)=FUELIN
ENDIF
OPEN(IUNITP,FORI‘F'UNFOM’I’I’ED')
ENDIF

* % ¥ *
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CALL FUI.OX(S,GF,SEH’!I\I,SECIN,PIPELPIPEZ,PIPE3,PIPE4,PIPE5,

*
*
%

A,AREA,AVGK,CI'IAN,CI’ANK,DB\IS,DIA,IENG,IGONE,ITANK,
IUNIT,IUNITP,KMAN,KI‘ANK,L,LOPEND,LOPOID,IFLOW,MLB\IE,NOLD\TE,PCAP,
PIND, SPLIT, VOL,VOLMF, 1)

RETURN

END
SUBROUTINE FUI.DX(S,GF,SEGMI‘I,SECIN,PIPEI,PIPE,PIPE3,PIPE4,PIPE5,

*
*
*

A,AREA,AVGK,Q/IAN,CI‘AM{,DENS,DIA,IENG,IGONE,ITANK,
IUNIT,IUNITP,IQ’!AN,KI‘AM(,L,I_OPB\ID,I.OPOID,LFLDW,MI..II‘IE,NOLDIE,PCAP,
PIND, SPLIT, VOL, VOLMF, ITLIN)

Handles read, modify, and admittance calls for fuel and lox

COMMON /EPARAM/MENG, TFLOW(25) , PGHMB (25) , DPROR(25) , PMRAT (25)

*

INTEGER SEGMN(25) , SECIN(75,25) ,NOLINE(25) , IENG(25) , ITANK(25) ,
LOPOLD (25) , LOPEND (25)

REAL KMAN(25) ,KTANK(25) ,LFLOW(25) ,L(75,25)
REAL SPLIT(25),A(25),CMBN(25) ,CTANK(25),

*
*
*

DENS (25) ,VOL(25) , VOLMF(25) ,
AREA(75,25) ,DIA(75,25) ,PIND(75,25),
PCAP(75,25) , AVGK(25)

REAL PIPE1(75,25),PIPE2(75,25),PIPE3(75,25),

*

PIPE4(75,25) ,PIPES(75,25)

OMPLEX GF(25),S
CHARACTER*20 TITL

CHARACTER*1 ANS

CHARACTER*40 QUEST1(2)
CHARACTER*48 QUEST?2 (2)
CHARACTER*40 QUEST3 (2)
DATA QUEST1/' Do you wish to modify fuel line data? ',

*

' Do you wish to modify lox line data? '/

DATA QUEST2/' Do you wish to modify current fuel line data? ',

*

*

* % *

' Do you wish to modify current lox line data? '/
DATA QUEST3/' Do you wish to rewind fuel line file? ‘',
' Do you wish to rewind lox line file? '/

IF(IGONE.BEQ.2) THEN

CALL RI.JNE(TI’IL,SM,SECI‘N,PIPELPIPD,PIPB,

PI'PE4,PIPES,L,AREA,DIA,PIND,PCAP,LOPEND,IDPOID,SPLIT,IUNIT,

A,QWAN,CTAM(,DENS,KMAN,KTANK,IHDW,VOL,VOIMF,NOLDIE,IENG,ITANK,

AVGK, MLINE)

REWIND TUNITP

WRITE (IUNITP) PTPE1, PIPE2, PTPE3 ,PIPE4,PIPES

WRITE(*,' (A\)')QUEST1 (ITLIN)

READ(*, ' (A) ')ANS

IF(ANS .EQ. 'Y' .OR. ANS .EQ. 'y') THEN

CALL MODIFY(TI'IL,SEQ’JN,SECIN,PIPEI,PIPEQ,PIPIQ,

PIPE4,PIPES,L,AREA,DIA,PDID,P@P,I_OPB\ID,I.OPOI.D,SPLIT,IUNIT,

A,CMAN,CI‘ANK,DEI\IS,IQ’!AN,KI‘AI\IK,IHUN,VOL,VOIMF,NOI..DIE,IENG,I’I'ANK,

AVGK,MLINE)

REWIND TUNITP

WRITE (IUNITP) PIPE1, PIPE2, PIPE3, PIPEA ,PIPES

ENDIF

EISEIF(IGONE.EQ.0) THEN

IP=1

ILINE=1
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DO 21 I=1,MLINE
IT=TTANK(I)
CALIL ADMIT(S,GF,A(IT) ,AREA, CMAN, CTANK (IT) ,DPROR,
* L,LFLOW(IT) , PMRAT, SEGMN, SECTN,
* SPLIT(I),LOPEND(I) ,PCAP,PIND, IENG, TFLOW,
* NOLINE, IP, ILINE, ITLIN)
IP=IP+SPLIT(I)+1
21 CONTINUE
RETURN
ELSETF(IGONE .EQ. 1) THEN
WRITE(*, ' (A\) ') QUEST2 (ITLIN)
READ(*, ' (A) ') ANS
IF(ANS .FQ. 'Y' .OR. ANS .EQ. 'y') THEN
CALL MODIFY('ITIL,SEGVN,SECI‘N,PIPEI,PIPEQ,PIPEB,
* PIPE4,PIPES,L,AREA,DIA,PD\ID,PCAP,LOPB\ID,IDPOLD,SPLIT,IUN'IT,
* A,CMAN,CI‘AM(,DENS,IQVIAN,KI.‘AI\H(,I_.FI_OW,VOL,VOI.MF,NOLD\TE,IENG,ITANK,
* AVGK,MLINE)
REWIND IUNITP
WRI'I'E(IUNI‘I’P)PIPEl,PIPEZ,PIPB,PIPM,PIPES
ELSE
WRITE(*, ' (A\) ')QUEST3 (ITLIN)
READ(*, ' (A) ')ANS
IF(ANS .EQ. 'Y' .OR. ANS .FQ. 'y') REWIND TUNIT
CALL RLINE(TI’IL,SEI‘MN,SEC'IN,PIPELPIPD,PIPEB,
* PIPE4,PIPES,L,AREA,DIA,PDID,PCAP,IDPEND,IOPOI.D,SPLIT,IUNIT,
* A,CMAN,CTAM(,DB\IS,KMAN,KTAM(,IIIDW,VOL,VOIW,WLDQE,IENG,ITANK,
* AVGK,MLINE)
REWIND IUNITP
WRITE (IUNITP) PIPE1l, PIPE2, PTPE3 , PIPE4 ,PIPES
WRITE(*, *)QUEST1 (ITLIN)
WRITE(*,'(A\)')' if not, press enter key. '
READ(*, ' () ')ANS
WRITE(*,*)' '
IF(ANS .FQ. 'Y' .OR. ANS .EQ. 'y') THEN
CALL MODIFY(TI‘I‘I..,SEGMN,SNIN,PIPELPIPEZ,PIPEZS,
* PIPE4,PIPES,L,AREA,DIA,PIND,PCAP,]’.OPEND,IDPOLD,SPI.IT,IUNIT,
* A,CMAN,CTAI\H(,DENS,KMAN,KTAM(,LFW,VOL,VOW,NOIM,IENG,I‘I‘ANK,
*  AVGK,MLINE)
REWIND IUNITP
WRI'I‘E(IUNITP)PIPEl,PIPEZZ,PIPB,PIPEll,PIPB
ENDIF
ENDIF
IGONE=0
ENDIF
RETURN
END
SUBROUTINE GE'I‘KS(N,K,I,J,KJ.R,KZR,K3R,K4R,K1C,K2C,K3C,K4C)
c Determines Nyquist equation to be plotted
REAL K1R(1001),K1C(1001),K2R(1001) ,K2C(1001) ,K3R(1001),K3C(1001),
* K4R(1001) ,K4C(1001)
REAL R1K(25),C1K(25),R2K(25),C2K(25) ,R3K(25) ,C3K(25),
* R4K(25) ,C4K(25)
REWIND 17
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M=0
IF(I.NE.O.AND.J.NE.O) THEN
CALL GETM(I,J,M)
IF(M.BQ.0) THEN
K=0
RETURN
ENDIF
ENDIF
DO 21 I~1,N
READ(17)RlK,ClK,R2K,C2K,R3K,C3K,R4K,C4K
K1R(L)=R1K(K)
K1C(L)=C1K(K)
IF(J.NE.0) THEN
K2R (L) =R2K(J)
K2C (L) =C2K(J)
ENDIF
IF(I.NE.0) THEN
K3R(L)=R3K(I)
K3C(L)=C3K(I)
ENDIF
IF(M.NE.O) THEN
K4R(L)=R4K(M)
K4C(L)=C4K (M)
ENDIF
21 CONTINUE
RETURN
END
SUBROUTINE GEMM(I,J,M)
Determines location of data to be plotted
INTEGER SEGMN, SECIN(150)
COMMON /SETUP/PIPE1 (150) ,PIPE2(150) , PIPE3 (150) , PIPE4(150),

* NENGF (25) , NTANKF (25) , NLINEF (25) ,NSPF(25) , ILINEF,
* NENGO (25) , NTANKO (25) , NLINBEO(25) ,NSPO(25) , ILINEO,
* SEAN, SECTN

DO 22 II=1,ILINEF
DO 21 JJ=1,ILINEO
IF (NENGF (II) .NE.NENGO(JJ)) GO TO 21
M=M+1
IF(II.EQ.I.AND.JJ.EQ.J) RETURN
21 COONTINUE
22 CONTINUE
WRITE(*,*)' Somethings WRONG! Plot will be bypassed.'
M=0
RETURN
END
SUBROUTINE GINERT (BEND, X, Y)
Evaluates curve fit of inertance of bends
DIMENSION B(3)
DATA B/0.0,0.7877014E-02, -0.2814679E-04/
A=B(1)+(B(2)+B(3) *BEND) *BEND
Y=A* (X-1.0) **2
RETURN
END
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SUBROUTINE HI-ISEXII‘(J,ITYPE,PODTI‘,]’.B‘I,DIA,VOL)

Computes plot coordinates for Helmholtz resonator
COMMON /PIPPXY/X,XH,XL,Y,YH,YL,XI\CD‘I,)Q'IAX,YI"III\T,YI"IAX,SINA,CDSA
REAL, LEN,POINT(8,200)

INTEGER*2 ITYPE(200)

XOLD=X

XHOLD=XH

XLOLD=XL

YOLD=Y

YHOLD=YH

YILOLD=YL

SINOLD=SINA

COSOLD=COSA

DIAM=SQRT ( (XH-XL) **2+(YH-YL) *%2)
CALL TSSECI‘(J,ITY'PE,POD]T,I.H\I,DIA)
XC=0.5%* (XOLD+X)

YC=0.5% (YOLD+Y)

XOLD=X

YOLD=Y

SINA=COSOLD

QOSA=-SINOLD

X=XC+OOSA* (LEN+0 . 5*DIAM)
Y=YC+SINA* (LEN+O.5*DIAM)
SIDE=VOL**(.3333333

CALL STSECT(J, ITYPE, POINT, SIDE, SIDE)
X=XOLD

Y=YOLD

SINA=SINOLD

COSA=COSOLD

DIAM=SORT ( (XHOLD-XLOLD) **2+ (YHOLD-YLOLD) **2)
XH=X-0.5*SINA*DI2AM
XL=X+0.5*SINA*DIAM
YH=Y+0.5*C0SA*DIAM
YI=Y-0.5*Q0SA*DIAM

RETURN

END

SUBROUTINE 1OX(S,GOX, ITUNIT, TUNITP, IGONE)

Handles fuel piping logic
OOMPLEX GOX(25),S
COMMON /EPARAM/MENG, TFLOW(25) , PCHMB (25) , DPROR(25) , PMRAT (25)
INTEGER SEGMN(25),SECIN(75,25) ,NOLINE(25) , IENG(25) , TTANK(25),

* LOPOLD(25) , LOPEND(25)
REAL, KMAN(25) ,KTANK (25) , LFLOW(25) ,L(75,25)
COMMON /OPARAM/MLINE, SPLIT(25) ,A(25) ,QMN(25) ,CTANK(25),
DENS(25) ,KMAN, KTANK, LFLOW, VOL(25) ,VOLMF(25) ,
AREA(75,25) ,DIA(75,25),L,PIND(75,25),
PCAP(75,25) ,AVGK(25) ,
SEI‘MI\I,SECIN,NOLII\TE,IB‘IG,ITAM(,IDPOLD,LOPEND
COMMON /FOPIPE/PIPE1(75,25) ,PIPE2 (75,25) ,PIPE3(75,25),
* PIPEA4 (75,25) ,PIPES(75,25)
CHARACTER#*24 LOXIN,NAMLIN(2)
OOMMON /WCAOUT/NAMLIN
CHARACTER*1 ANS

% ¥ * *
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IF(IGONE.BQ.2) THEN
WRITE(*, '(A\) )! Is the lox file name LOX.RIN? (Y/N) '
READ(*,'(A) ')ANS
IF(ANS.NE. 'N'.AND.ANS.NE. 'n’) THEN
OPEN (UNIT=IUNIT, FILE='LOX.RIN')
NAMLIN (2)='LOX.RIN'
EISE
WRITE(*,'(A\)')' Enter name of file with lox line data '
READ(*, ' (A) ') LOXIN
OPEN (IUNIT, FILE=LOXIN)
NAMLIN (2)=LOXIN
ENDIF
OPEJ(I[NHP,FO%'UNFORI@TI’HD')
ENDIF
CALL FULOX(S,GOX,SEGMN,SECIN,PIPEl,PIPEZ, PIPE3,PIPE4,PIPES,
* AAREAAVGKCMANCI‘AM(DENS DIA,IENG, IGONE, ITANK,
* IUNITIUNITPKMANKPANKLLOPENDIDPOLDLFUMM.INENOLDJEPCAP,
* PIND,SPLIT,VOL,VOLMF,2)
RETURN :
END
SUBROUTINE MODG)N(IUNIT,VARI,MEI\IG,TAUT,CSTAR,RBAR,'II—IEI'AC,DCDR)
Modifies CONST.RLN parameters
REAL TAUT(25),CSTAR(25) ,RBAR(25) , THETAC(25) ,DCDR(25)
CHARACTER*24 VARI .
CHARACTER*8 NAME
CHARACTER*1 ANS
CHARACTER*8 VARL(S) ,VARU(S)
DATA VARL/'taut ', '‘cstar ', ‘'rbar ', 'thetac ', 'dodr '/
DATA VARU/'TAUT ', 'CSTAR ', '"RBAR ' 'THETAC ', 'DCDR v/
DO 25 J=1,MENG
WRITE(*, '(A I3,A\)")" Do you wish to change parameters for engine
* #, J,"?
READ(*, '(A) ')ANS
IF(ANS.NE. 'Y'.AND.ANS.NE.'y') GO TO 25

21 CONTINUE

WRITE(*,*)"' !

WRITE(*,*) " VARTABLE NAMES AND VALUES'

WRITE(*,*)"' '

WRITE(*,'(A,1PE15.5)')' TAUT - transport lag ',
* TAUT(J)

WRITE(*,'(A,1PE15.5)"') ' CSTAR - characteristic rocket velocity ',
* CSTAR(J)

WRITE(*, ' (A,1PE15.5)')' RBAR - mixture ratio ',
* RBAR(J)

WRITE(*,'(A,1PE15.5)") ' THETAC - characteristic time constant ‘',
* THETAC(J)

WRITE(*, ' (A,1PE15.5) ') ' DCDR - d(velocity)/d(mixture ratio) ',
* DCDR(J)

WRITE(*,*)"' !

WRITE(*,*)' Enter variable name and new value, or'

WRITE(*,*) "' # to print variable names & values, or'

WRITE(*,*) ' END when all changes have been made'’

WRITE(*,*)"' !
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22 COONTINUE
WRITE(*,'(2A\)')' Enter variable name and new value, END, or # '
CALI, ZREAD(NAME,VALUE)
IF(NAME.EQ.'#') GO TO 21
IF(NAME.BQ. 'END'.OR.NAME. EQ. 'end') GO TO 25
po 23 II=1,5
I=IT
IF (NAME. EQ.VARU(I) .OR. NAME. EQ.VARL(I)) GO TO 24
23 CONTINUE
WRITE(*,*)' Invalid name, try again'
GO TO 21
24 CONTINUE
IF(I.BQ. 1) TAUT(J)=VALUE
IF(I.BQ. 2) CSTAR(J)=VALUE
IF(I.BQ. 3) RBAR(J)=VALUE
IF(I.EQ. 4) THETAC (J) =VALUE
IF(I.FQ. 5) DCDR(J)=VALUE
GO TO 22
25 CONTINUE
WRITE(*,'(A\)')' Do you wish to save these changes? Y or N !
READ(*, ' (A) ')ANS
IF (ANS.NE. 'Y'.AND.ANS.NE.'y') RETURN
WRITE(*,'(A,A,A\)')' Do you wish to use file ',VART,
* ‘2 Yor N !
READ(*, ' (A) ')ANS
IF(ANS.NE. 'Y'.AND.ANS.NE. 'y') THEN
WRITE(*,'(A\)')' Enter name of file to use '
READ(*, ' (A) ') VARL
CLOSE (UNIT=IUNIT)
OPEN (UNIT=IUNIT, FILE=VARI)
ELSE
WRITE(*,'(A,A,A\)')' Do you wish to rewind ',VARI,
* ‘2 Yor N !
READ(*, ' (A) ')ANS
IF (ANS.BQ. 'Y'.OR.ANS.EQ.'y') REWIND TUNIT
ENDIF
DO 26 J=1,MENG
WRTTE (IUNIT, ' (1P5E15.5) ') TAUT(J) ,CSTAR(J) ,RBAR(J) , THETAC(J) ,
* DCDR (J)
26 CONTINUE
RETURN
END
SUBROUTINE MODENG (IUNIT, NAMENG)
Modifies engine parameters
COMMON /EPARAM/MENG, TFLOW(25) , PCHMB(25) , DPROR(25) , PMRAT (25)
CHARACTER*24 NAMENG
CHARACTER*8 NAME
CHARACTER*1 ANS
CHARACTER*S VARL(3),VARU(3)
DATA VARL/'tflow ', 'pchmb ', 'dpror v/
DATA VARU/ 'TFLOW ', 'PCHMB ', 'DPFRCR '/
DO 25 J=1,MENG
WRITE(*,'(A,A,I3,A\)')"' Do you wish to change flow corditions ',
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* 'for engine #',J,'? '
READ(*, ' (A) ')ANS
IF(ANS.NE. 'Y'.AND.ANS.NE.'y') GO TO 25

21 CONTINUE
WRITE(*,*)' !
WRITE(*,*) ! VARIABLE NAMES AND VALUES'
WRITE(*,*)' !
WRITE(*,'(A,1PE15.5)') ' TFLOW - total mass flow (lkm/sec) ',
* TFLOW (J)
WRITE(*,'(A,1PE15.5)') ' PGHMB - chamber pressure (lbf/ft"2) ',
* PCHMB (J)
WRITE(*,'(A,1PE15.5)') ' DPROR - orfice pressure drop (1lbf/ft"2)',
* DPROR (J)
WRITE(*,*)' !
WRITE(*,*)' Enter variable name and new value, or'
WRITE (*,*) "' # to print variable names & values, or'
WRITE(*,*)' END when all changes have been made'
WRITE(*,*)' '
22 CONTINUE

WRITE(*,'(2\)')! Enter variable name and new value, END, or # '
CALL ZREAD(NAME,VALUE)
IF(NAME.BFQ. '#') GO TO 21
IF (NAME. BQ. 'END' .OR.NAME.FQ. 'end') GO TO 25
DO 23 II=1,3
I=IT
IF (NAME. EQ.VARU(I) .OR.NAME.EQ.VARL(I)) GO TO 24
23 CONTINUE
WRITE(*, *)' Invalid name, try again'
GO TO 21
24 CONTINUE
IF(I.BQ. 1) TFLOW(J)=VALUE
IF(I.BQ. 2) PCHMB(J)=VALUE
IF(I.EQ. 3) DPROR(J)=VALUE
PMRAT (J) =PCHMB (J) /TFLOW (J)
GO TO 22
25 CONTINUE
WRITE(*,'(A\)"')' Do you wish to save these changes? Y or N '
READ(*, ' (A) ')ANS
IF(ANS.NE.'Y'.AND.ANS.NE.'y') RETURN
WRITE(*,'(A,A,A\)')' Do you wish to use file ',NAMENG,
* "2 YorN'
READ(*, ' (A) ')ANS
IF(ANS.NE.'Y'.AND.ANS.NE.'y') THEN
WRITE(*,'(A\)')' Enter name of file to use !
READ(*, ' (A) ') NAMENG
CLOSE (UNTT=IUNIT)
OPEN(UNI'IEIUN'IT,FILEENAM\IG)
ELSE
WRITE(*, ' (A,A,A\)'")' Do you wish to rewind ',NAMENG,
* 2 Yor N !
READ(*, ' (A) ')ANS
IF(ANS.EQ.'Y'.OR.ANS.EQ. 'y') REWIND IUNIT
ENDIF
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C

WRITE (IUNIT, ' (I5) ')MENG
DO 26 J=1,MENG
WRITE (IUNIT, ' (1P3E15.5) ') TFLOW(J) , PCHMB(J) , DFROR(J)
26 CONTINUE
RETURN
END
SUBROUTINE MODIFY (TITL,SEGMN,SECIN, PIPE1l, PIPE2,PIPE3,
* PIPE4,PIPES,L,AREA,DIA,PIND,PCAP,I.DPEND,IDPOID,SPI.IT,IUNIT,
* A,QMAN,CTANK,DENS, KMAN, KTANK, LFLOW, VOL, VOLMF, NOLINE, IENG, TTANK,
* AVGK,MLINE)
Allows modifications to input data
COMMON /EPARAM/MENG, TFLOW(25) , PCHMB(25) ,DPROR(25) , PMRAT (25)
COMMON /TANK/MTANK
CHARACTER*24 NAMLIN(2)
COMMON  /WCAOUT/NAMLIN
REAL SPLIT(25) ,AVGK(25)
REAL ARFA(75,25),DIA(75,25),L(75,25),PIND(75,25),
* PCAP (75, 25)
REAL PIPE1(75,25),PIPE2(75,25),PIPE3(75,25) ,PIPE4(75,25),
* PIPES (75,25)
INTEGER SBEGMN(25),SECTIN(75,25)
INTEGER ITANK(25),IENG(25),LOPOLD(25) ,LOPEND(25) ,NOLINE(25)
REAL A(25),CTANK(25) ,DENS (25) ,KTANK (25) ,OMAN(25) ,KMAN(25) ,
* LFLOW(25) ,VOL(25) , VOLMF (25)
CHARACTER*20 TITL
CHARACTER*1 ANS
1 FORMAT(1PE15.6)
2 FORMAT(IS,1PS5E15.6)
3 FORMAT(' This segment is a bend of',1PE13.5,' deg and radius of',
* E13.5)
4 FORMAT(' This segment is straight ',1PE13.5,' diameter pipe ',
* E13.5,' ft. long')
5 FORMAT(' This segment is a manifold with',1PE13.5,' vol.',
* E13.5,' bulk modulus')
6 FORMAT(' This segment is a pump with length =',61PE13.5,' dia =',
* E13.5/5X, 'dp/dm =',E13.5,' capacitance =',El13.5,
* ' inductance =',E13.5)
7 FORMAT(' This segment is a tuned pipe ',1PE13.5,' long & dia =',
* E13.5)
8 FORMAT(' This segment is a Helmholtz rescnator with'/5X, 'length ='

* ,1PE13.5,' dia =',E13.5,' and vol =',E13.5)
9 FORMAT(' This segment is a parallel resonator with'/5X, 'length =',
* 1PE13.5,' dia =',E13.5,' and vol =',E13.5)

10 FORMAT(' This segment is a',1PE13.5,' long inline acc. with',
* ' diameter of',E13.5)
IF(IUNIT.BQ.11) THEN
NAMNAM=1
EILSE
NAMNAM=2
ENDIF
WRITE(*,'(A\)"')"' Do you wish to change tank parameters? '
READ(*, ' (A) ')ANS
IF(ANS.EQ.'Y'.OR.ANS.EQ.'y') THEN
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CALL MODI‘AN(MPAI\IK,VOL,LFW,KTAM(,DB\IS,A,CI‘ANK)
ENDIF
WRITE(*,'(A\)')' Do you wish to change the pipe layout? '
READ(*, ' (A)')ANS
IF(ANS.NE. 'Y'.AND.ANS.NE. 'y') GO TO 28
IP=0
DO 27 M=1,MLINE
IP=IP+1
IT=ITANK (M)
DO 26 IPP=IP,IP+SPLIT(M)
=0
ISEGMN=SEGMN (IPP)
DO 25 II=1,SEGMN(IPP)
=T+1
IF(SECIN(I,IPP).EQ.0) THEN
WRITE(*,3)PIPE2(I,IPP),PIPE1(I,IPP)
ELSETF (SECIN(I,IPP) .EQ.1) THEN
WRITE (*,4)PIPE2 (I, IPP),PIPEl(I,IFP)
ELSEIF(SECIN(I,IPP).EQ.2) THEN
WRITE(*,lO)PIPEl(I,IPP),PIPE2(I,IPP)
ELSEIF (SECIN(I,IPP).EQ.3) THEN
WRITE(*,7) PIPE1 (I, IPP) ,PIPE2 (I, IFP)
ELSETF(SECIN(I,IPP) .EQ.4) THEN
WRITE (*,8) PIPE1 (I, IPP) ,PIPE2 (I, IFP) ,PIPE3 (I, IFP)
ELSEIF(SECIN(I,IPP) .BQ.5) THEN
WRITE(*,9) PIPE1 (I, IPP) ,PIPE2 (I, IFP) ,PIPE3(I, IFP)
ELSEIF(SECTN(I,IPP).EQ.6) THEN
WRITE(*,6) PIPE1 (I, IPP) ,PIPE2 (I, IFP) ,PIPE3 (I, IPP),
* PIPE4 (I,IPP),PIPES(I,IPP)
ELSEIF (SECTN(I,IFP).EQ.7) THEN
WRITE(*,5)PIPE1(I,IPP) ,PIPE2(I,IPP)
ENDIF
WRITE(*, ' (A\)')' You may keep (K), modify (¥), delete (D),’,
* ' add before (B), or add after (A)? '
READ(*, ' (A) ')ANS
IF(ANS.EQ.'A'.OR.ANS.FQ.'a') THEN
I=I+1
DO 21 IIT=ISEGMN,I,-1
PIPE1(III+1,IPP)=PIPE1(III,IFP)
PIPE2 (III+1,IPP)=PIPE2(III,IPP)
PIPE3 (III+1,IPP)=PIPE3(III,IPP)
PIPE4 (III1+1, IPP)=PIPE4 (III, IPP)
PIPES (III+1,IPP)=PIPE5(III,IPP)
L(III+1,IPP)=L(III,IPP)
DIA(III+1,IPP)=DIA(III,IPP)
AREA (T11+1, IPP)=AREA(III,IPP)
PCAP (III+1,IPP)=PCAP(III,IPP)
PIND(III+1,IPP)=PIND(III,IPP)
SECTN(III+1,IPP)=SECIN(III,IPP)
21 CONTINUE
ISEGMN=ISEGMN+1
GO TO 24
ELSEIF (ANS.BQ. 'B'.OR.ANS.EQ. 'b’') THEN
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22

23

24

DO 22 III=ISEAWN,I,-1
PIPE1 (III+1,IPP)=PIPE1(III,IPP)
PIPE2 (I1I+1,IPP)=PIPE2(III,IPP)
PIPE3 (III+1,IPP)=PIPE3(III,IPP)
PIPE4 (III1+1,IPP)=PIPE4 (III,IPP)
PIPES (III+1,IPP)=PIPES(III,IFP)
L(III+1,IPP)=L(III,IPP)
DIA(III+1,IPP)=DIA(III,IPP)
ARFA (II1I+1,IPP)=AREA(III,IFP)
PCAP(III+1,IPP)=PCAP(III,IPP)
PIND(III+1,IPP)=PIND(III,IPP)
SECTN (III+1, IPP)=SECIN(III, IPP)
CONTINUE
ISEGMN=ISEQN+1
GO TO 24
ELSEIF (ANS.EQ. 'D' .OR.ANS.EQ. 'd') THEN
DO 23 III=I,ISEGMN
PIPE1(III,IPP)=PIPE1(III+1,IPP)
PIPE2 (III,IPP)=PIPE2(III+1,IPP)
PIPE3 (III,IPP)=PIPE3(III+1,IFP)
PIPE4 (III,IPP)=PIPE4 (III+1,IPP)
PIPES (III,IPP)=PIPES(III+1,IPP)
L(III,IPP)=L(III+1,IFP)
DIA(III,IPP)=DIA(III+1,IPP)
ARFA (IT1I, IPP)=AREA(III+1,IPP)
PCAP(III,IPP)=PCAP(III+1,IPP)
PIND(III,IPP)=PIND(III+1,IPP)
SECTN (III,IPP)=SECTN(III+1,IPP)
CONTINUE
I=I-1
ISEGMN=ISEGMN-1
GO TO 25
ELSETF (ANS.NE. 'Y' .AND.ANS.NE. 'y') THEN
GO TO 25
ENDIF
QONTINUE
WRITE(*,*)' Specify 0 for BEND, 1 for STRAIGHT pipe,
WRITE(*,*)' 2 for INLINE ACCUM., 3 for TUNED STUB,'
WRITE(*,*) ' 4 for HEIMHOLTZ RES., 5 for PARALIFL RES.'
WRITE(*,*)' 6 for PUMP, 7 for MANIFOLD'
READ(*,*) SECT
IF(SECT.LT.0.0R.SECT.GT.7) GO TO 24
SECTN(I, IPP)=SECT
IF(SECT.EQ.0) THEN
bend in pipe
WRITE(*,*)' RADIUS of bend along CL(ft), ANGLE of bend(deq),'
WRITE(*,*)' DIAMETER(ft), and LENGTH(ft) beyond bend of pipe'
READ (*, *) PIPE1 (I, IPP) , PIPE2 (I, IPP) ,PIPE3 (I, IPP) ,PIPE4 (I, IPP)
CALL RTYPE(SECIN(I,IPP),PIPE1(I,IPP),PIPE2(I,IPP),
PIPE3 (I, IPP),PIPE4(I,IFP),PIPES(I,IPP),L(I,IFP),
AREA (I, IPP),DIA(I,IPP),PIND(I,IPP) ,PCAP(I,IFP),
AVGK (M) , DENS (IT) , CMAN (IPP) ,KMAN (IPP) , VOLMF (IPP))
ELSEIF(SECT.EQ.1) THEN
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straight section
WRITE(*,*)' Specify LENGTH (ft) and DIAMETER (ft) of segment!
READ(*,*) PIPE1(I,IPP),PIPE2(I,IPP)
CAILL RTYPE(SECIN(I,IPP) ,PIPE1(I,IPP) ,PIPE2 (I, IPP),
PIPE3 (I, IPP),PIPE4(I,IPP) ,PIPES (I,IPP),L(I,IFP),
ARFA (I, IPP),DIA(I,IPP),PIND(I,IPP),PCAP(I,IPP),
AVGK (M) , DENS (IT) , QAN (IPP) ,KMAN (IPP) ,VOLMF (IPP))
EISEIF(SECT.EQ.2) THEN
inline accumlator
WRITE(*,*)' Specify LENGTH (ft) & DIAMETER (ft) of',
' accumulator ‘!
READ(*,*) PIPE1(I,IPP),PIPE2(I,IFP)
CALL RTYPE(SECIN(I,IPP),PIPE1(I,IPP),PIPE2(I,IFP),
PIPE3 (I, IPP) ,PIPE4(I,IFP) ,PIPES(I,IPP),L(I,IPP),
ARFA (I, IPP),DIA(I,IPP),PIND(I,IPP),PCAP(I,IPP),
AVGK (M) , DENS (IT) , CMAN (IPP) ,KMAN (IPP) , VOLMF (IFP))
ELSEIF(SECT.EQ.3) THEN
tuned stub
WRITE(*,*)' Specify LENGTH (ft) & DIAMETER (ft) of tuned stub!'
READ (*, *) PIPE1 (I, IPP) ,PIPE2 (I, IPP)
CALL RTYPE(SECIN(I,IPP),PIPE1(I,IPP) ,PIPE2 (I, IFP),
PIPEB(I,IPP),PIPE4(I,IPP),PIPE5(I,IPP),L(I,IPP),
AREA (I, IPP),DIA(I,IPP),PIND(I,IPP),PCAP(I,IPP),
AVGK (M) ,DENS (IT) ,CMAN (IPP) ,KMAN (IPP) , VOLMF (IPP) )
ELSEIF(SECT.EQ.4) THEN
helmholtz resonator
WRITE(*,*)' Specify LENGTH (ft), DIAMETER (ft) ,VOLUME ',
' (f£~3) of Helmholtz Resonator'
READ (*, *) PIPE1 (I, IPP) , PIPE2 (I, IPP) ,PIPE3 (I, IPP)
CALL RTYPE(SECIN(I,IPP),PIPEl1(I,IPP),PIPE2(I,IPP),
PIPE3 (I, IPP),PIPEA(I,IPP) ,PIPES(I,IPP),L(I,IFP),
AREA (I, IPP),DIA(I,IPP),PIND(I,IPP),PCAP(I,IFP),
AVGK (M) ,DENS (IT) , QAN (IPP) ,KMAN (IPP) , VOLMF (IFP) )
ELSEIF(SECT.EQ.5) THEN
parallel resonator
WRITE(*,*)' Specify LENGTH (ft), DIAMETER (£t) ,VOLUME ',
'(ft~3) of Parallel Resonator'
READ(*, *) PIPE1 (I, IPP) ,PIPE2 (I, IFP) ,PIPE3 (I, IFP)
CALL RTYPE(SECIN(I,IPP),PIPE1(I,IFP),PIPE2(I,IFP),
PIPE3(I,IPP),PIPE4(I,IPP),PIPES(I,IFP),L(1,IPP),
AREA (I, IPP),DIA(I,IPP),PIND(I,IPP),PCAP(I,IFP),
AVGK (M) ,DENS (IT) , OMAN (IPP) ,KMAN (IFP) , VOLMF (IFP))
ELSEIF(SECT.EQ.6) THEN

pump

WRITE(*,*)' Specify LENGTH (ft), DIAMETER (ft) ,dp/dm, CAP.!,
' & IND. of pump'

READ (*, *) PIPE1(I,IPP) ,PIPE2(I,IPP),PIPE3(I,IFP),

PIPE4 (I, IPP) ,PIPES(I,IFP)

CALL RTYPE(SECIN(I,IPP),PIPE1(I,IPP),PIPE2(I,IFP),
PIPE3 (I, IPP),PIPE4(I,IPP),PIPES(I,IPP),L(I,IFP),
AREA (I, IPP),DIA(I,IFP),PIND(I,IPP),PCAP(I,IPP),
AVGK (M) ,DENS(IT) ,OMAN (IFP) ,KMAN (IPP) , VOLMF (IFP))

EISEIF(SECT.EQ.7) THEN
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manifold
WRITE(*,*)' Specify VOLUME (ft"3) and BULK MODULUS (1bf/ft"2)'
READ (*,*) PIPE1(I,IPP),PIPE2(I,IPP)
CALL RIYPE(SECTN(I,IPP) ,PIPE1(I,IPP) ,PIPE2 (I,IPP),

* PIPE3 (I, IPP) ,PIPE4 (I, IPP),PIPES(I,IPP),L(I,IPP),

* AREA (I, IPP) ,DIA(I,IPP) ,PIND(I, IPP) ,PCAP(I,IFP),

* AVGK (M) , DENS (IT) , QAN (IPP) ,KMAN (IPP) , VOLMF (IPP))
ENDIF

25 CQONTINUE
SEGMN (IPP) =ISEGMN
26 CONTINUE
IF (SPLIT(M) .NE.0.0) THEN
WRITE(*, ' (A,I3)')' Maximun no. of iterations is set at ',
* LOPOLD (M)
WRITE(*,'(A\)")' Do you wish to change it? !
READ(*, ' (A) ')ANS
IF(ANS.FQ.'Y'.OR.ANS.FQ.'y') THEN
WRITE(*,'(A\)')' Enter maximum no. of iterations
READ (*, *) LOPOLD (M)
ENDIF
LOPEND (M) =LOPOLD (M)
IP=TP+SPLIT (M)
ENDIF
27 CONTINUE
28 CONTINUE
WRITE(*,'(A\)')' Do you wish to save these changes? Y or N !
READ(*, ' (A) ')ANS
IF (ANS.NE.'Y'.AND.ANS.NE.'y') RETURN
WRITE(*, ' (A,A,A\)') ' Do you wish to use file ', NAMLIN(NAMNAM),
* '"?Yor N
READ(*, ' (A) ')ANS
IF(ANS.NE. 'Y'.AND.ANS.NE. 'y') THEN
WRITE(*,'(A\)')' Enter name of file to use '
READ (*, ' (2) ') NAMLIN (NAMNAM)
CLOSE (UNIT=IUNIT)
OPEN (UNIT=IUNIT, FILE=NAMLIN (NAMNAM) )
ELSE
WRITE(*,'(2,A,A\)')' Do you wish to rewind ' ,NAMLIN (NAMNAM) ,
* '"?Yor N
READ(*, ' (A) ') ANS
IF(ANS.EQ.'Y'.OR.ANS.H). 'y') REWIND JUNIT
ENDIF
IP=0
WRITE (IUNIT, ' (A) ') TITL
WRITE (IUNIT, 2) MTANK
DO 29 M=1,MIANK
WRITE (IUNIT, 1) VOL(M)
WRITE (IUNIT, 1) LFLOW (M)
WRITE (IUNIT, 1) KTANK (M)
WRITE (TUNIT, 1) DENS (M)
29 CONTINUE
WRITE (IUNIT,2)MLINE
DO 33 M=1,MLINE
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IP=IP+1
WRITE (IUNIT, 2) TTANK (M)
WRITE (IUNIT, 2) IENG (IP)
WRITE (IUNTT, 2) SEGMN (IP)
WRITE (IUNIT, 2) SPLIT (M)
DO 30 J=1,SEGMN(IP)
WRITE (IUNIT, 2) SECIN(J, IP) ,PIPE1(J, IP) ,PIPE2 (J, IP) ,PIPE3(J, IP),
* PIPE4 (J,IP) ,PIPE5(J, IP)
30 CONTINUE
IF(SPLIT(M) .EQ.0) GO TO 33
DO 32 K=1,SPLIT(M)
IP=IP+1
WRITE (IUNTIT, 2) SEGMN (IP)
WRITE (IUNIT, 2) NOLINE (IP)
WRITE(IUNIT, 2) IENG(IP)
DO 31 J=1,SEGMN(IP)
WRITE (IUNIT, 2) SECIN(J, IP) ,PIPE1(J, IP) ,PIPE2 (J, IP) ,PIPE3 (J, IP),
* PIPE4 (J,IP) ,PIPES(J,IP)
31 CONTINUE
32 CONTINUE
33 CONTINUE
RETURN
END
SUBROUTINE MODI‘AN(MI‘ANK,VOL,LFLOW,KI‘AM(,DENS,A,CI‘AM()
Modifies tank parameters
REAL VOL(25) , LFLOW(25) ,KTANK (25) ,DENS (25) ,A(25) ,CTANK(25)
CHARACTER*1 ANS
CHARACTER*8 NAME
CHARACTER*8 VARL(4),VARU(4)
DATA VARL/'vol ', '1flow ','ktank ','dens v/
DATA VARU/'VOL ", 'LFLOW ', 'KIANK ','DENS v/
DATA GRAV/32.2/
DO 25 J=1,MTANK
WRITE(*,'(A,I3,A\)')"' Do you wish to change parameters for tank #
*llle? [
READ(*, ' (A) ') ANS
IF(ANS.NE. 'Y'.AND.ANS.NE.'y') GO TO 25

21 COONTINUE

WRITE(*,*)' '

WRITE(*,*)' VARTABLE NAMES AND VALUES'

WRITE(*,*)' !

WRITE(*,'(A,1PE15.5)')' VOL - volume (£f£7°3) ',
* VOL.(J)

WRITE(*,'(A,1PE15.5)')' LFLOW - mass flow in pipe (lkm/sec™2) ',
* LFLOW(J)

WRITE(*, ' (A,1PE15.5) ') ' KIANK - tank bulk modulus (lbf/ft"2) ',
* KTANK (J)

WRITE(*, ' (A,1PE15.5) ') ' DENS - density )lbm/ft"3) ',
* DENS (J)

WRITE(*,*)"' !

WRITE(*,*)' Enter variable name and new value, or'

WRITE(*,*) "' # to print variable names & values, or'

WRITE(*,*)"' END when all changes have been made'
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WRITE(*,*)' '

22 CONTINUE

WRITE(*, ' (A\)")' Enter variable name and new value, END, or # '
CALL ZREAD(NAME,VALUE)

IF(NAME.EQ.'#') GO TO 21

IF(NAME.EQ. '"END' .OR.NAME.FQ. 'end') GO TO 25

DO 23 II=1,4

I=I1

IF (NAME. BQ. VARU(I) .OR.NAME. FQ.VARL(I)) GO TO 24

23 CONTINUE
WRITE(*,*) '
GO TO 21

24 CONTINUE
IF(I.EQ. 1)
IF(I.BQ. 2)
IF(I.FQ. 3)
IF(I.FQ. 4)

Invalid name, try again'

VOL(J) =VALUE
LFLOW (J) =VALUE
KTANK (J) =VALUE
DENS (J) =VALUE

A(J)=SQRT (GRAV*KTANK (J) /DENS (J) )
CTANK (J) =DENS (J) *VOL(J) /KTANK (J)

GO TO 22
25 CONTINUE
RETURN
END

SUBROUTINE NYQUIS (GF,GOX, S, TAUT, CSTAR, RRAR, DCDR, THETAC, IFUEL, ILOX)
Computes the K()'s
OOMPLEX GF(25),G0X(25) ,KG1(25) ,KG2,KG3,S
REAL THETAC(25) ,RBAR(25) ,CSTAR(25) ,DCDR(25) , TAUT(25)
REAL K1R(25),K2R(25) ,K3R(25) ,K1C(25) ,K2C(25) ,K3C(25),
* K4R(25) ,K4C(25)
COMMON /EPARAM/MENG, TFLOW (25) , PCHMB (25) ,DPROR(25) , PMRAT (25)
INTBEGER SEGMN,SECIN(150)
COMMON /SETUP/PIPE1(150) ,PIPE2 (150) ,PIPE3(150) ,PIPE4 (150),

*
*
*

NENGF (25) ,NTANKF (25) ,NLINEF (25) ,NSPF (25) , ILINEF,
NENGO(25) ,NTANKO (25) ,NLINBO(25) ,NSPO(25) , ILINEO,
SEGMN, SECIN

COMMON /FACTOR/SFAC

DO 21 I=1,MENG

KG1 (I)=2.0*CEXP (-S*TAUT(I))/ (THETAC(I)*S +1.0)
K1C(I)=AIMAG(KG1(I))

K1R(I)=RFAL(KG1(I))

21 CONTINUE

IF(I1OX.EQ.0)

THEN

DO 22 I=1,ILINEO

R=NENGO(I)

KG2=0.5*KG1 (K) * ( (1.0+(1.0+RBAR(K) ) *DCDR (K) /CSTAR (K) } *GOX (I) )
K2C(I)=ATMAG (KG2)
K2R(TI)=RFAL(KG2)

22 CONTINUE
ENDIF

IF (IFUEL.EQ.0)

THEN

DO 23 I=1,ILINEF

K=NENGF (I)

KG3=0.5%KG1 (K) * ( (1.0-RBAR(K) * (1. 0+RBAR (K) ) *DCDR (K) /CSTAR(K) ) *
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* GF(I))
K3C(I)=ATMAG(KG3)
K3R(I)=REAL(KG3)
23 CQONTINUE
ENDIF
IF(ITO0X.BQ.0.AND.IFUEL.BQ.0) THEN
I=0
DO 25 I=1,ILINEF
DO 24 J=1,ILINEO
IF(NENGF(I) .BEQ.NENGO(J)) THEN
I=1+1
KAC (L) =K2C(J) +K3C(I)
KA4R (L) =K2R (J) +K3R(I)
ENDIF
24 CONTINUE
25 CONTINUE
ENDIF
WRITE(17)K1R,K1C, K2R, K2C,K3R,K3C, K4R, K4C
DO 26 I=1,MENG
IF (IFUEL.NE. 0.AND. ILOX.NE. 0)
* WRITE(14,'(1P3E12.4)')AIMAG(S)/SFAC,KIR(I),K1C(I)
IF(IEUEL.EQ.O.AND.II.OX.NE.O) WRITE(14,'(].P3E12.4,IS,1X,1P2E12.4)
*1) AIMAG(S) /SFAC,KIR(I),K1C(I),I,K3R(I),K3C(I)
IF (IFUEL.NE.0.AND.IIOX.BQ.0) WRITE(14,'(1P3El12.4,15,1X,1P2E12.4)
*1)  ATMAG(S)/SFAC,KIR(I),K1C(I),I,K2R(I),K2C(I)
IF(IFUEL.FQ.0.AND.ILOX.BQ.0) THEN
WRITE (14, ' (1P3E12.4) ') AIMAG(S) /SFAC,KIR(I) ,K1C(I)
WRITE(14, ' (I7,1P6E12.4) ') I,K2R(I) ,K2C(I),K3R(I),K3C(I),K4R(I),
*  K4C(I)
ENDIF
26 CQONTINUE
RETURN
END
SUBROUTINE RLII\IE(TI‘I‘L,SEQ’II‘I,SEEIN,PIPEI,PIPELPIPEB,
* P]:PE4,PIPES,L,AREA,DIA,PDID;PCAP,IOPB\ID,IDPOI.D,SPLIT,IUNIT,
* A,CMAN,CTANK,DENS,KMAN,KI‘AM(,LFLW,VOL,VOW,NOUNE,IENG,ITANK,
* AVGK,MLINE)
Reads fuel or lox file.
QOMMON /EPARAM/MENG, TFLOW(25) , PCHMB(25) ,DPROR(25) , PMRAT (25)
COMMON /TANK/MTANK
REAL SPLIT(25) ,AVGK(25)
REAL AREA(75,25),DIA(75,25),L(75,25) ,PIND(75,25) ,
* PCAP(75,25)
REAL PIPE1(75,25),PIPE2(75,25),PIPE3(75,25),PIPE4(75,25),
* PIPES (75,25)
INTBEGER SEGMN(25),SECIN(75,25)
INTEGER ITANK(25),IENG(25),LOPOLD(25),LOPEND(25) ,NOLINE(25)
REAL A(25) ,CMAN(25) ,CTANK(25) ,DENS(25) ,KMAN(25) ,KTANK(25) ,
* LFLOW(25) ,VOL(25) , VOLMF (25)
CHARACTER*20 TITL
CHARACTER*1 ANS
READ (IUNIT, ' (A) ') TITL
CALL TAMQ\IO(MTAM(,VOL,LFIE)W,KTANK,DENS,A,CEAM(,IUNTT)
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READ(IUNIT, *) MLINE
IF(MLINE.GT.25) THEN
WRITE(*,*)' Number of lines must be less than 25'
STOP
ENDIF
IF(MLINE.LE.O) MLINE-1
DO 20 M=1,25
TENG (M) =0
20 CONTINUE
M=0
DO 24 MM=1,MLINE

M=M+1

READ (TUNIT, *) TTANK (MM) , TENG (M)

IF (ITANK(MM) .GT.MIANK) THEN
WRITE(*,*)' Invalid tank number.'
STOP

ENDIF

IF(IENG(M).GT.MENG) THEN
WRITE(*,*)' Invalid engine number.'
STOP

ENDIF

TT=ITANK (MM)

IE=IENG (M)

LOPOLD (MM) =20

LOPEND (MM) =1

AVGK (MM)=0.0

DIVAVG=0.0

READ (TUNIT, *) SEGMN (M) , SPLIT (MM)

DO 21 I=1,SEGMN(M)

READ (IUNIT, *) SECIN(I,M) ,PIPE1(I,M) ,PIPE2(I,M) ,PIPE3(I,M),
* PIPE4(I,M),PIPES(I, M)
IF(SECTN(I,M).NE.7) GO TO 21
AVGK (MM) =AVGK (MM) +PIPE2 (I,M)
DIVAVG=DIVAVG+1
21 CONTINUE

IF(SPLIT(MM) .BQ.0) THEN

AVGK (MM) =KTANK (IT)

NOLINE (M) =1

GO TO 24
ENDIF

split pipe

DO 23 J=1,SPLIT(MM)

MM+

READ (TUNIT, *) SEGMN (M) , NOLINE (M) , IENG (M)
IF(IENG(M) .GT.MENG) THEN

WRITE(*,*)' Invalid engine number.'

STOP

ENDIF

TE=TENG (M)

IF (NOLINE(M) .BQ.0) NOLINE(M)=1

DO 22 I=1,SEGMN(M)

READ (TUNTT, *) SECIN(I,M) ,PIPE1(I,M) ,PIPE2(I,M) ,PIPE3(I,M),

* PIPEA (I,M) ,PIPES(I,M)
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IF (SECIN(I,M).NE.7) GO TO 22
AVGK (MM) =AVGK (MM) +PIPE2 (I, M) *NOLINE (M)
DIVAVG=DIVAVGHNOLINE (M)
22 CONTINUE
23 CONTINUE
WRITE(*,'(A,I3)')' Max. no. of iterations is set at ',
* LOPOLD (MM)
WRITE(*,'(A\)')' Do you wish to change it? !
READ(*, ' (A) ')ANS
IF (ANS.FQ.'Y'.OR.ANS.FQ.'y') THEN
WRITE(*, ' (A\)')' Enter maximum no. of iterations '
READ (* , *) LOPOLD (MM)
ENDIF
LOPEND (MM) =LOPOLD (MM)
IF(DIVAVG.LE.0.0) DIVAVG=1.0
AVGK (MM) =KTANK (IT) +AVGK (MM) /DIVAVG
24 CONTINUE
M=0
DO 28 MM=1,MLINE
M1
TT=TTANK (MM)
TE=IENG (M)
DO 25 I=1,SBGMN(M)
CALI, RTYPE(SECIN(I,M),PIPE1(I,M),PIPE2(I,M),

* PIPE3(I,M) ,PIPEA4(I,M) ,PIPES (I, M), L(I,M) AREA(I,M),
* DIA(I,M),PIND(I,M) ,PCAP(I,M),AVGK (M) ,DENS(IT),
* CMAN (M) , KMAN (M) , VOLMF (M) )

25 CONTINUE

IF(SPLIT(MM) .BQ.0) GO TO 28
DO 27 J=1,SPLIT(MM)

MM+l

IE=TENG (M)

DO 26 I=1,SEGMN (M)

CAII, RTYPE(SECIN(I,M),PIPE1(I,M),PIPE2(I,M),

* PIPE3(I,M) ,PIPEA (I,M) ,PIPES(I,M) ,L(I,M) ,AREA(I,M),
* DIA(I,M) ,PIND(I,M),PCAP(I,M) ,AVGK(MM) ,DENS(IT),
* QMAN (M) ,KMAN (M) , VOLMF (M) )
26 CONTINUE -
27 CONTINUE
28 CONTINUE
RETURN
END
SUBROUTINE RTYPE (SECIN, PIPE1, PIPE2, PIPE3, PIPE4, PIPES, L, AREA, DIA,
* PIND, PCAP, AVGK, DENS , CMAN, KMAN, VOLMF)

Stores values for different types of piping
INTEGER SECTN
REAL L,KMAN
DATA GRAV/32.2/,PI/3.141593/
IF(SECIN.EQ.0) THEN
CALL BENDS (PIPEl,PIPE2,PIPE3,PIPE4 ,VALUE, DIME)
AREAB=0.785398*DIME**2
I=VAIUE
AREA=ARFAB
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nan

DIA=DIME
ELSEIF (SECTN.FQ.1) THEN
straight section
VALUE=PIPEl
DIME=PIPE2
AREAB=0.785398*DIME**2
I=VAILUE
AREA=ARFAB
DIA=DIME
EISEIF(SECIN.EQ.2) THEN
inline accumulator

PIPE1 - LEN
PIPE2 - DIA
PIPE3 - DEN
PIPE4 - K
I~PIPEl
DIA=PIPE2

AREA=0.25*PT*PIPE2**2

IF (PIPE3.EQ.0.0) PIPE3=DENS

IF (PIPE4.FQ.0.0) PIPE4=AVGK

PCAP=PTPE3*L*AREA/PIPE4
ELSEIF (SECIN.FQ.3) THEN

tuned stub - suppresses amega = (PI/2)/ (L*SQRT (PIND*PCAP) )

PIPE1 - LEN
PIPE2 - DIA
PIPE3 - DEN
PIPE4 - K
I~PIPEl
DIA=PIPE2

ARFA=0. 25*PT#DIA**2
IF(PIPE3.FQ.0.0) PIPE3=DENS
IF(PIPE4.FQ.0.0) PIPE4A=AVGK
PCAP=PIPE3*L*AREA/PIPE4
PIND=L/ (AREA*GRAV)

ELSEIF (SECIN. Q. 4.0R. SECIN. Q. 5)

helmholtz resonator or parallel resonator

THEN

suppresses omega = 1/SQRT (PIND*PCAP)

PIPE1 - LEN
PIPE2 - DIA
PIPE3 - VOL
PIPE4 - DEN
PIPES - K
I=PIPEl1
DIA=PIPE2
AREA=PTPE3

IF(PIPE4.EQ.0.0) PIPE4=DENS
IF(PIPES.EQ.0.0) PIPE5=AVGK
PCAP=PIPE4 *AREA/PIPES
PIND=L/ (0.25*PI*DIA**2*GRAV)
EISEIF(SECIN.BQ.6) THEN

purp
PIPE1 - LEN
PIPE2 - DIA
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PIPE3 - DP/DM
PIPE4 - IND
PIPES - CAP
1~PIPE1l
DIA=PIPE2
ARFA=PTPE3
PCAP=PIPEA
PIND=PIPES
ELSEIF(SECIN.EQ.7) THEN
manifold
PIPE1 - VOLMF
PIPE2 - KMAN
VOLMF=PIPE1l
KMAN=PIPE2
CMAN=DENS*VOLMF /KMAN
L=VOLMF
DIA=CMAN
ENDIF
RETURN
END
SUBROUTINE STSECT(J, ITYPE, POINT,LEN,DIA)
Computes plot coordinates for a straight section
COMMON /PIPPXY/X,XI-I,XL,Y,YH,YL,W,W,YMDX,YMAX,SINA,CI)SA
REAL LEN,POINT(8,200)
INTEGER*2 ITYPE(200)
J=J+1
ITYPE(J)=1
XH=X-0.5*SINA*DIA
XL =X+0.5*SINA*DIA
YH=Y+0.5*COSA*DIA
YI=Y-0.5*%COSA*DIA
POINT(1,J)=XH
POINT(2,J)=YH
POINT(3,J)=XL
POINT(4,J)=YL
X=X+COSA*LEN
XH=X~0.5*SINA*DIA
XL=X+0.5*SINA*DIA
Y=Y+SINA*LEN
YH=Y+0.5*COSA*DIA
YI=Y-0.5*%COSA*DIA
POINT(5,J)=XH
POINT(6,J)=YH
POINT(7,J)=XL
POINT(8,J) =YL
XMIN=AMIN1 (X, XL, XH, XMIN)
XMAX=AMAX1 (X, XL, XH, XMAX)
YMIN=AMIN1 (Y, YL, YH, YMIN)
YMAX=AMAX1 (Y, YL, YH, YMAX)
RETURN
END
SUBROUTINE TAM(I\IO(MI‘AM(,VOL,IHDW,KPAM(,DB\IS,A,CPAM(,IUNIT)
Reads tank parameters
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REAL VOL(25) ,LFLOW(25) ,KTANK(25) ,DENS(25) ,A(25) ,CTANK (25)
DATA GRAV/32.2/
READ (TUNIT, *) MTANK
IF (MTANK.GT.25) THEN
WRITE(*,*)' Number of tanks must be less than 25!
STOP
ENDIF
IF(MIANK.IE.O) MIANK=1
DO 21 I=1,MIANK
READ (IUNIT, *) VOL(I) ,LFLOW(I) ,KTANK(I) ,DENS(I)
A(I)=SQRT (GRAV*KTANK (I) /DENS(I))
CTANK (I)=DENS (I)*VOL(I) /KTANK(I)
OONTINUE
RETURN
END
SUBROUTINE TSSECT(J, ITYPE, POINT, LEN, DIA)
Computes plot coordinates for a tuned stub

COMMON /PIPPXY/X,XH,XL,Y,YH,YL,}Q’I]N,}MAX,M,MX,SINA,(I)SA

REAL, LEN,POINT(8,200)

INTEGER*2 ITYPE(200)

J=J+1

TTYPE(J)=1

DIAM=SORT ( (XH=-XL) **2+ (YH-YL) **2)

XH=X-SINA* (LEN+O.5*DIAM)

YH=Y-+COSA* (LEN+0. 5*DIAM)

POINT(1,J)=XH

POINT(2,J)=YH

POINT(3,J)=XL

POINT (4,J)=YL

X=X+COSA*DIA

XH=X-SINA* (LEN+0.5*DIAM)

XL=XI+COSA*DIA

Y=Y+SINA*DIA

YH=Y+COOSA* (LEN+0 . 5*DIAM)

YI=YLASINA*DIA

POINT(5,J)=XH

POINT(6,J)=YH

POINT (7,J)=XL

POINT(8,J)=YL

XMIN=AMIN1 (X, XL, XH, XMIN)

XMAX=AMAX1 (X, XL, XH, XMAX)

YMIN=AMIN1 (Y, YL, YH, YMIN)

YMAX=AMAX1 (Y, YL, YH, YMAX)

RETURN

END

SUBROUTINE ZREAD (NAME, VALUE)
Reads input for input modification

CHARACTER*1 NAME(8)

CHARACTER*1 CARD(80) , PLUS,MINUS, PERIOD, LE, E, NUMBER (10)

CHARACTER*1 LEND(3),CEND(3) ,POUND, QUEST, BLK, COMMA

CHARACTER*1 LTTT(5),CTIT(5)

CHARACTER*80 DCARD

BEQUIVALENCE (CARD(1),DCARD)
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26
27

28

29

DATA PLUS/'+'/,MINUS/'-'/,PERIOD/'.'/,LE/'e'/,E/'E'/,BLK/' '/
DATA NUMBER/'O','l','2','3','4','5','6','7','8','9'/,@1%@5/','/
DATA LEND/'e','n','d'/,CEND/'E','N','D'/,POUND/'#"'/,QUEST/'?"/
DATA LTIT/'t', lil’ T, ", 'e'/,CI‘IT/'T', I, LY, cEl/
FORMAT (A)
DO 21 I=1,8

NAME (I)=BLK

CONTINUE
READ(*, 1) DCARD

IF(CARD(1) .EQ.POUND) THEN

NAME (1) =POUND

RETURN

ENDIF

IF(CARD(1) .BQ.QUEST) THEN

NAME (1) =QUEST

RETURN

ENDIF
Do 22 I=1,3

IF (CARD(I) .NE.LEND(I) .AND.CARD(I) .NE.CEND(I)) GO TO 23
NAME (1) =CEND(I)
CONTINUE
RETURN

CONTINUE
DO 24 I=1,5

IF (CARD(I) .NE.LTIT(I) .AND.CARD(I) .NE.CTIT(I)) GO TO 25
NAME (I)=CTTIT(I)

CONTINUE
RETURN

CONTINUE
DO 26 I=1,8

IT=I

IF (CARD(I) . BQ.BLK.OR.CARD(I) . IQ.COMMA) GO TO 27

NAME (I)=CARD(I)

CONTINUE

CONTINUE

DO 28 I=II,80

ID=I

IF(CARD(I) .NE.BLK.AND.CARD(I) NE.COMMA) GO TO 29
CONTINUE
VALUE=0.0
WRITE(*,*)' No value given, ZERO assumed'
RETURN

OONTINUE

SIGN=1.0

IF(CARD(ID) .EQ.MINUS) THEN

SIGN=-1.0

ID=ID+1

ELSETF (CARD(ID) .BQ.PLUS) THEN

ID=ID+1

ENDIF
WHOLE=0.0

DO 32 I=ID,80

IT=I
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IF(CARD(I).EQ.PERIOD) GO TO 33
IF(CARD(I).BQ.PIUS) GO TO 38
IF(CARD(I) .BQ.MINUS) GO TO 38
IF(CARD(I).BQ.E.CR.CARD(I) .EQ.LE) GO TO 37
DO 30 J=1,10
JJ=J-1
IF (CARD(I) .EQ.NUMBER(J)) GO TO 31
CONTINUE
VALUE=SIGN*WHOLE
IF(CARD(I).BQ.BIK) RETURN
WRITE(*,*)' Input error, value set to ZERO'
VALUE=0.0
RETURN
CONTINUE
WHOLE=WHOLE#*10.0+JJ
CONTINUE
VALUE=SIGN*WHOLE
RETURN
CONTINUE
ID=I1I+1
FRACT=0.0
TOOUNT=0
DO 36 I=ID,80
TOOUNT=ICOUNT+1
I1=1
IF(CARD(I) .EQ.PERIOD) THEN
WRITE(*,*)' Input error, value set to ZERO'
VALUE=0.0
RETURN
ENDIF
IF(CARD(I).BQ.PLUS) GO TO 38
IF(CARD(I) .EQ.MINUS) GO TO 38
IF(CARD(I).EQ.E.OR.CARD(I) .EQ.LE) GO TO 37
DO 34 J=1,10
JJ=J-1
IF(CARD(I).BQ.NUMBER(J)) GO TO 35
CONTINUE
VALUE=SIGN* (WHOLE+FRACT)
IF(CARD(I).BQ.BLK) RETURN
WRITE(*,*)' Input error, value set to ZERO'
VALUE=0.0
RETURN
CONTINUE
FRACT=FRACT-JJ/10.0**ICOUNT
CONTINUE
VALUE=SIGN* (WHOLE+FRACT)
RETURN
CONTINUE
II=II+1
CONTINUE
VALUE=SIG* (WHOLE+FRACT)
SIGN=1.0
IF(CARD(IT).BQ.MINUS) THEN
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SIGN=-1.0
IT=II+1
ELSEIF (CARD(II).EQ.PLUS) THEN
IT=II+1
ENDIF
WHOLE=0.0
DO 41 I=1I,80
DO 39 J=1,10
JJ=J-1
IF(CARD(I) .EQ.NUMBER(J)) GO TO 40
39 CONTINUE
VALUE=VALUE*10.0** (SIGN*WHOLE)
IF(CARD(I) .EQ.BLK) RETURN
WRITE(*,*)' Input error, value set to ZERO!
VALUE=0.0
RETURN
40 CONTINUE
WHOLE=WHOLE*10.0+JJ
41 CONTINUE
VALUE=VALUE*10. O%** (SIGN*WHOLE)
RETURN
END
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